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INTRODUCTION 
Seed yield improvements due to breeding of soybean 
(Glycine max (L. ) Merr.) in the USA have been impressive over 
the last 50 years. However, recent improvements have been 
only modest, due possibly to the narrowing germplasm base 
which has resulted from intensive breeding efforts 
(St. Martin, 1982), Incorporation of unique plant intro­
ductions into the germplasm base would potentially increase 
genetic variability through incorporation of new gene com­
binations . 
Higher soybean seed yield is reportedly related to a 
longer reproductive or seed filling period in soybeans 
(Dunphy et al., 1979; Boote et al., 1979). However, in 
USA-adapted germplasm, a longer reproductive period is closely 
associated with maturity date. In a long range breeding pro­
gram, incorporation of unique genes associated with photo-
period insensitivity of unadapted plant introductions may re­
duce that high genetic correlation and allow selection for a 
longer reproductive period without delaying maturity. If 
photoperiod sensitivity of flowering and seed filling is at 
least partially controlled by separate genetic factors, recom­
bination of those factors through breeding may allow formation 
of new genotypes in which durations of the vegetative and seed 
filling periods and time to maturity are less closely corre­
lated (Thomas and Raper, 1976). Of particular concern is the 
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possibility of excessive hastening or delay of maturity date 
in correlated response to selection for reproductive duration. 
Hopefully, by developing unique genetic recombinations of 
photoperiod insensitive and sensitive parents, populations may 
be developed in which genotypic correlations will not preclude 
selection for reproductive duration independent of maturity 
date. 
The long range goal of this research is to improve soy­
bean seed yield via optimizing the duration of various de­
velopmental periods, i.e., vegetative period, flowering 
period, seed filling period. The specific objectives of this 
dissertation research are to: 
1. Estimate genetic variability for photoperiod sensi­
tivity in greenhouse-grown Fg populations derived 
from crosses of photoperiod sensitive and insensitive 
pure lines. 
2. Relate photoperiod sensitivity of F2 plants with 
lengths of vegetative, flowering, and seed filling 
periods of their field-grown F2-derived progenies. 
3. Estimate genetic variability and heritability for 
lengths of these periods in populations of F2-
derived lines. 
4. Estimate genotypic relationships between lengths of 
developmental periods, growth habit, and days to 
maturity. 
Measure direct and correlated responses due to selec­
tion among lines for longer seed filling period or 
reproductive period. 
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LITERATURE REVIEW 
This review is divided into three basic sections. The 
first section describes vegetative and reproductive develop­
ment of soybean, rate and duration of reproductive growth, and 
genetic potential for these traits. The second section deals 
with modification of rate and duration of reproductive de­
velopment via inherent and environmental effects including 
photoperiod sensitivity. The third section describes photo-
period sensitivity in soybean, its evolutionary and adapta-
tional significance, genetic variability and screening. 
Phasic Development in Soybeans 
Developmental stages 
Soybean ontogenic development has been studied and 
classified into various vegetative and reproductive develop­
mental stages (Fehr and Caviness, 1977) which may be readily 
identified on field-, greenhouse-, or growth chamber-grown 
plants. Vegetative stages of development are identified 
according to the number of new leaves developed on the main 
stem, and are assigned V-designations. For example, vegeta­
tive stage V3 describes a plant with three trifoliolate leaves 
on the main stem. Upon commencement of flowering, soybeans 
go through a series of changes associated with reproductive 
development. These changes, assigned R-designations, continue 
on to maturation of the plant. For example, reproductive 
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stage RI denotes at least one open flower on 50% of the 
plants of a line or cultivar. Stage R5, denoting the be­
ginning of rapid seed dry matter accumulation, occmrs when 
there is a seed 3 nun in diameter at one of the top four nodes 
•with unfolded leaves on 50% of the plants. Stage R7, begin­
ning of maturity, i.e., nearing the completion of dry matter 
accumulation in the seeds, is defined as 50% of the plants 
possessing at least one pod with mature pod color. Each of 
the stages of soybean growth is described in detail by Fehr 
and Caviness (1977). 
Substantial physiological and morphological changes 
occur with the transition from vegetative to reproductive 
growth and between reproductive stages. For example, photo-
synthetic rate and N2-fixation rate increase to a maximum 
near grotrth stage R5 before declining rapidly (Sesay and 
Shibles, 1980; Thibideau and Jaworski, 1975) and reproductive 
sinks (pods and seeds) become more competitive relative to 
vegetative, root, and nodule sinks in terms of demand for 
photosynthates and reduced nitrogen (Herridge and Pate, 
1977). These physiological changes may have a great influ­
ence on both the determination of seed yield potential and 
also the ultimate realization of that potential. 
Genetic variability exists in soybean germplasm for 
mediation of these physiological/morphological changes over 
time. For example, soybean growth and development are 
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influenced by two major genes which control growth habit. 
Lines with determinate growth habit, dt^, develop additional 
nodes on the main stem until about the time of flowering, 
after which most vegetative growth ceases, and reproductive 
development predominates. Indeterminate lines, Dt^dt2, 
continue to produce new leaves on the main stem well after 
seed development begins, thus producing an overlap in vege­
tative and reproductive functions of the plant and potential­
ly more competition for photosynthate supply. Semidetermi­
nate lines, Dtj^Dt2» cease vegetative development 2-3 weeks 
after R1 but considerably sooner than indeterminates 
(Bernard, 1972). 
Genes affecting time to maturity in soybeans may also 
influence the physiological status of soybeans. Later 
maturing types may allow for greater vegetative development 
(photosynthetic source) and yet allow adequate time for re­
productive development to produce high seed yield. Early 
maturing types, which are unable to utilize the entire grow­
ing season, will begin reproductive development before ade­
quate source capacity has been fully developed, thus preclud­
ing the possibility of high seed yield. Genetic variability 
for growth habit and maturity is important in the adptation 
of soybeans to different season durations (Shibles, 1980). 
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Modification through breeding 
Traditional breeding methods have accounted for sig­
nificant seed yield improvement of soybeans in the past. 
These yield improvements have usually been made without re­
gard for the physiological basis or reason for that improve­
ment, However, with few exceptions, no major breakthroughs 
in soybean yield improvement have emerged recently. Conse­
quently, examination of some physiological components of the 
seed development process may be helpful in determining which 
traits have been improved in the past and also which traits 
show potential for further improvement in order to facilitate 
further improvements in seed yield. 
Soybean seed yield is the product of three components, 
the number of floral primordia which ultimately develop into 
mature seeds, the average rate of dry matter accumulation per 
seed, and the average duration of seed growth. In turn, 
these three factors are intimately related to more basic 
physiological processes. Modification of these three traits 
could lead to changes in seed yield. 
There appears to be genetic variability in soybean for 
both rate and duration of seed filling. Hanway and Weber 
(1971) found seed yield differences among eight soybean cul-
tivars to be due to differences in duration of seed filling. 
The average seed dry matter accumulation of each variety 
during the rapid seed filling period was a constant 99 kg/ha• 
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day. In other studies, line differences in duration of the 
seed filling period were more closely and consistently corre­
lated with yield than vere the number of days to any particu­
lar growth stage, or time interval between any other growth 
stages (Dunphy et al., 1979). Elsewhere, seed yield in­
creased at an average rate of 60 kg/ha with each additional 
day of increase in seed filling duration among 84 lines from 
soybean Maturity Groups VIII to X. In addition, the most 
commonly grown cultivars apparently already possessed the 
longest seed filling periods (Boote et al., 1979). Kaplan 
and Roller (1974) observed differences in seed growth rate 
among four cultivars ranging from 7.9 g/m «day for 'Kent' to 
9.8 g/m .day for 'Harosoy 63'. Differences in seed growth 
rate appeared to be due to differences in growth rate of in­
dividual seeds rather than differences in the number of de­
veloping seeds in each cultivar. Large-seeded soybean culti­
vars were shown to have higher seed growth rates than small-
seeded cultivars (Egli et al., 1978). Gay et al. (1980) com­
pared physiological aspects of two old, low yielding culti­
vars ('Lincoln' and 'Dorman') with two newer, high yielding 
cultivars ('Williams' and 'Essex'). Yield differences were 
not associated with differences in total shoot weight, pho-
tosynthetic rate, or N2-fixation rate. High yield in Williams 
appeared to be due to a longer seed filling duration, while 
Essex partitioned more photo synt hat es to the seed, i.e.. 
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developed more seeds and/or had a higher seed growth rate. 
They suggested that future yield improvement be achieved by 
lengthening the seed filling period or by increasing photo-
synthate partitioning to the seed, if these parameters had 
not already reached a maximum. 
Genotypic relationships between seed filling rate and 
duration in soybean have not been adequately studied. How­
ever, in rice (Oryza sativa L.), grain filling rate and dura­
tion reportedly are uncorrelated (Jones et al., 1979), while 
in maize (Zea mays L.), the correlations range from slightly 
to significantly negative (Carter and Poneleit, 1973; Cross, 
1975; Poneleit et al., 1980). It would appear, from the 
literature in other crops and from indirect evidence from 
soybean, that any potential negative genotypic correlation 
between seed filling rate and duration would not be large 
enough to preclude soybean seed yield improvement through 
improvement of either or both traits. In small grains, high 
yield appears to be more closely related to high seed growth 
rate than to a longer grain filling period (Nass and Reiser, 
1975; Sofield et al., 1977; Jones et al., 1979; Simmons and 
Crookston, 1979), whereas in maize, high yield appears to be 
more closely associated with longer seed filling duration 
(Daynard et al., 1971; Carter and Poneleit, 1973; Cross, 
1975). Egli (1981) points out that legumes generally have 
seed growth rates comparable to maize and higher than small-
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grained cereals. He also points out that yield improvement 
in both legumes and cereals has often been accompanied by a 
lengthened seed filling period. 
Factors Affecting Seed Filling Rate and Duration 
Inherent factors 
Since soybean seed growth is the ultimate result of many 
physiological processes and interactions, it is no surprise 
that rate and duration of seed filling (both intimately in­
volved with the yield formation process) are regulated by 
many different genetic factors interacting with environmental 
conditions. Understanding relationships of seed filling rate 
and duration and other morphological or developmental traits 
would be valuable, in order for soybean breeders or physiolo­
gists to more effectively improve soybean yield. 
Duration of the seed filling period in soybeans may be 
closely related to maturity data (Metz, 1979). However, ex­
ceptions do occur (Fukui, 1963; Hartwig, 1970). Obviously, 
in order for seed yield to be improved through lengthening 
of the seed filling period, genetic selection must be re­
stricted in order to prevent a correlated delay in maturity 
date beyond what is acceptable for a particular latitude or 
seasonal duration. 
Another factor requiring consideration, if seed filling 
rate and duration are being studied, is the nodal position of 
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individual pods on the plant. Since indeterminate and, to a 
lesser extent, determinate soybeans normally flower at dif­
ferent nodes over a 2-5 week period, later developing pods 
have significantly smaller seed size than earlier developing 
pods, due to shorter seed filling periods and slightly higher 
seed filling rates (Egli et al., 1978; Gbikpi and Crookston, 
1981b) . Possibly, the pod age differences in dry matter 
accumulation are related to differential abscisic acid 
(ABA) concentrations in the plant (Quebedeaux et al., 1976). 
ABA has been implicated in the facilitation of phloem unload­
ing into sink tissue. Also, pod age differences may be due 
to less root and nodule competition for assimilate and ni­
trogen later in the growing season (Gbikpi and Crookston, 
1981b). These data contrast with that of Roller (1971) in 
which seed relative growth rates did not differ among lower, 
middle, and upper parts of indeterminate soybean plants. 
Growth habit also may influence patterns of seed dry 
matter accumulation, and thus should be considered in studies 
of rate and duration of seed filling. Egli and Leggett (1973) 
found that 'Kent' (indeterminate growth habit) and D66-5565 
(determinate growth habit) accumulated 58% and 87% of their 
respective vegetative dry matter totals by growth stage Rl. 
However, by R4 (3 cm long pods at one of top four nodes), 
Kent had accumulated 87% of its total vegetative dry matter 
compared with 92% for D55-5565. This suggests only limited 
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competition between vegetative and reproductive sinks regard­
less of growth habit, although D66-5556 had a higher seed 
filling rate in one of two years tested. However, the time 
from R1 until R4 was 6-8 days longer in Kent than D66-5566, 
which might suggest that Kent had greater internal assimilate 
competition during the flowering period. 
Envi ronment a1 factors 
The most common environmental variables affecting rate 
and duration of seed growth are photoperiod, temperature, and 
moisture status. 
Photoperiod sensitivity during the seed filling period 
has been well documented (Fukui and Yarimizu, 1952; Major 
et al., 1975b; Patterson et al., 1977). Fulcui (1963) showed 
that a shortened photoperiod hastened seed filling duration 
at both the early stage of embryo development, where increased 
rates of cell division were observed, and also at the late 
period of ripening, from occurrence of maximum seed length 
until full ripening. Shortening of this latter period re­
duced seed weight. Also, later maturing varieties responded 
more to short photoperiod than earlier maturing varieties. 
Elsewhere, rate of seed fill was increased in response to 
later planting date, which caused seed filling to occur dur­
ing progressively shorter day lengths (Egli, 1975). Delaying 
exposure of soybean to inductive (9 h) photoperiods until 
the sixth trifoliolate leaf unfolded allowed development of 
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more axillary and branch nodes before reproductive develop­
ment commenced, thus allowing more floral development on 
subsequent photoperiod induction. As the number of subse­
quent consecutive short day exposures increased, vegetative 
dry weight decreased while pod and seed dry weight increased 
(Thomas and Raper, 1976). Duration and rate of seed filling 
were prolonged and decreased, respectively, with exposure of 
soybean to noninductive (18 h) photoperiods, following an 
inductive (9 h) pretreatment to induce reproductive develop­
ment (Raper and Thomas, 1978). These results suggest that 
both rate and duration of seed growth are photoperiodically 
controlled. 
Nearly all of the literature seems to conform to the 
theory that seed filling period (or any earlier period of 
growth for that matter) will be longest for those situations, 
e.g., planting date, growth chamber treatment, genetic con­
trol of flowering and maturity, which cause seed filling 
period to occur during or slightly after the occurrence of 
the longest daylength in the growing season (Nagata, 1958; 
Lawn and Byth, 1973). Results show that in order for soybean 
to produce maximum seed yield, it must remain vegetative 
long enough to provide adequate source capacity to accommo­
date an increased sink load. If flowering begins too early, 
plants may have neither the source nor sink capacity to sus­
tain high yield. If flowering begins too late, excessive 
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transpiration, increased shading, poor light interception, 
or seed growth beyond the end of the normal growing season 
may negatively affect yield (Nagata, 1958; Hartwig, 1970; 
Ecochard et al., 1978). Photoperiod sensitivity will be 
discussed more thoroughly later in this review. 
Temperature has been shown to affect seed development 
(Fukui and Yarimizu, 1952). Egli and Wardlaw (1980) grew 
plants of 'Fiskeby V under a range of controlled day/night 
temperature treatments from 18/13 to 33/28C, and found seed 
growth rate to be highest at 27/22C and lowest at 18/13C. 
Seed filling duration was shortened by three days only at 
33/28C. Consequently, final seed size was highest at inter­
mediate temperatures. Apparently, temperature, has less 
effect on reproductive development than it does on vegetative 
growth and the initiation of flowering (Brown and Chapman, 
1960; Major et al., 1975b). Temperature effects are apparent 
only in the absence of strong photoperiodic effects, particu­
larly in later, more photoperiod sensitive cultivars (Lawn 
and Byth, 1973). That temperature and photoperiod interac­
tions strongly affect soybean seed growth is obvious from the 
results of Thomas and Raper (1976) and Raper and Thomas (1978). 
Specifically, warm temperature enhances the response of seed 
growth during inductive (9 h) photoperiods. Cooler fall tem­
peratures may confound the effect of shortened daily photo­
period by retarding seed growth and prolonging the seed 
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filling period (Major et al., 1975b). 
Overall rate of soybean development is generally in­
creased by limited moisture supply (Brown and Chapman, 1950). 
Limited moisture supply will interact with high temperature 
to hasten rate of seed development, usually resulting in 
smaller, underdeveloped seeds. Interactions of moisture 
supply with photoperiod have not been studied. 
Photoperiod Sensitivity 
Early work and description 
Garner and Allard (1920) first described photoperiod 
sensitivity in soybean and in other species and pointed out 
cultivar differences in photoperiod sensitivity. They recog­
nized the differences between long and short day species. 
Specifically, long day species require a daylength longer 
than a certain critical daylength in order for normal floral 
development to occur, whereas short day species, such as 
soybean, require a daylength shorter than a certain critical 
daylength for normal floral development. Actually, the 
critical portion of the 24 hour cycle is the dark, period, 
since interruption of the dark period by short periods of 
light will disrupt the daily rhythms of the plant, whereas 
interruption of the light period with short periods of dark­
ness will have no effect on plant development. Therefore, 
short day species are actually long night species. 
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In 'Biloxi' soybeans, at least two short photoperiods 
are required during vegetative growth for flowering to occur 
(Garner and Allard, 1923; Borthwick and Parker, 1938b). 
However, exposure to additional short days enhances flower 
production. Results of Borthwick and Parker (1938a), later 
verified by Shanmugasundaram and Tsou (1978), show that 
photoperiod sensitive soybean cultivars are unresponsive to 
short daylength until nine days after emergence. The plants 
then go through a photoperiod sensitive phase 9-36 days after 
emergence, during which time meristematic tissue may respond 
to photoinductive daylength to form floral primordia at 
axillary and branch nodes. 
The photoperiod sensitive mechanism at flowering has 
been localized in the trifoliolate leaves (Garner and Allard, 
1925; Borthwick and Parker, 1938c). Exposure of one leaf to 
inductive daylength is sufficient to induce flowering through­
out the plant. The most recently fully expanded leaf is most 
sensitive (Borthwick and Parker, 1940). Different leaves of 
the same plant appear to be photoinduced independently. In 
Biloxi soybean, daily exposure of one leaf for eight hours 
of light followed by immediate exposure of another leaf for 
eight hours induced floral development. However, 16 hour 
exposure of the whole plant prevented flowering (Borthwick 
and Parker, 1938c). Noninduced plants of photoperiod sensi­
tive Biloxi were induced to flower by grafting leaves of 
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photoperiod insensitive cultivars onto them. However, grafts 
of previously photoinduced Biloxi leaves did not induce 
flowering (Heinze et al., 1949). 
Soybean is usually considered a quantitative short day 
plant. That is, soybean will flower progressively earlier 
with shorter daylength below the critical photoperiod. At 
daylengths longer than the critical photoperiod, soybean can 
still flower, but flowering will be greatly delayed (Guthrie, 
1972). 
Photoinduction of flowering is retarded by cool night 
temperatures (Parker and Borthwick, 1939). Low temperature 
inhibition of flowering has been shown to be due to inhibitory 
effects on photoperiodic reactions in the leaves, rather than 
on movement of any photoinduced stimulus produced in the 
leaves, or on actual differentiation of floral primordia 
(Parker and Borthwick, 1943). Temperature sensitivity appears 
to have greater effect than photoperiod sensitivity on early 
flowering lines, while in late flowering lines, photoperiod 
sensitivity has greater effect than temperature sensitivity 
(Major et al., 1975a, 1975b; Pandey et al., 1977). 
Adaptational influence 
Soybean is adaptable to a very wide range of environments. 
Commercially, soybean is grown from the tropics to 50°N or S 
latitude, and is adaptable to growing seasons ranging from 
90 to 180 days. Genetic variation for photoperiod sensitivity 
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plays a significant role in this adaptational ability 
(Shibles, 1980). Three major genes, E2, and delay 
flowering and maturity in soybean. E^ and E2 delayed 
flowering of 'Clark' isolines an average of 19 and 10 days, 
respectively, over e^ and ^2' Maturity in both cases was 
delayed 17 and 15 days, respectively (Bernard, 1971). E^, 
which is insensitive to red or far red light, i.e., it does 
not detect fluorescent light, delayed maturity eight days 
compared to e^ isolines when grown in the field (Buzzell, 
1971; Kilen and Hartwig, 1971). These genes allow for major 
adaptational changes to fit growing seasons of different 
length. Whether these genes are strictly sensitive or insen­
sitive to photoperiod in the classical sense of the term is 
unclear. Isoline combinations of these genes need to be 
evaluated under different photoperiod treatments, in order 
to answer that question. In addition to the three reported 
major genes, there is genetic variability for photoperiod 
sensitivity at both R1 and later stages of growth, which may 
act independently at each growth stage to hasten or delay 
maturity (Johnson et al., 1950). 
In addition to the effects on flowering and maturity, 
photoperiod sensitivity may alter plant morphology, which, 
in turn, may provide adaptational value to the plant. 
'Ransom* soybean, which was induced to flower at a later 
stage of growth, developed more axillary nodes (Patterson et 
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al., 1977) and more branch dry weight, of which a greater 
proportion was produced at nodes above the cotyledonary and 
unifoliolate nodes (Thomas and Raper, 1977), thus allowing 
more flower production. Elsewhere, photoperiod-induced 
changes in yield of 23 lines, which had previously been 
selected for photoperiod insensitivity at flowering, were 
associated with changes in the number of pods per plant, 
maturity date, and number of nodes per plant (Shanmugasundaram, 
1979). Soybean, however, can stabilize photosynthetic capac­
ity among different photoperiods and temperatures, due to 
increased leaflet size under longer photoperiods and de­
creased rate of leaf production under cooler temperatures 
(Sato, 1979). 
There is considerable evidence of a close relationship 
between photoperiod sensitivity and maturity date in soybean 
(Garner and Allard, 1920; Criswell and Hume, 1972; 
Shanmugasundaram, 1979). However, these traits are not 
synonymous. Photoperiod insensitivity has been reported in 
soybean maturity groups ranging from 00 to IV (Shanmugasun­
daram et al,, 1974; Nissly et al., 1976, 1981). Possibly in 
addition to photoperiod sensitivity, soybean germplasm 
possesses genetic differences for a basic vegetative phase 
which is insensitive to photoperiod, such as that reported 
in Phaseolus vulgaris L. (Muhammad and Wallace, 1980). 
Whether photoperiod sensitivity and date of maturity are 
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genetically linked or pleiotropic is unknown. 
The evolutionary significance of the relationship be­
tween photoperiod insensitivity and early maturity can only 
be speculated. Certainly, as the early progenitors of 
Glycine max (L. ) Merr. migrated northward from subtropical 
Asia, earlier maturity needed to evolve in order to accommo­
date the life cycle in a shorter growing season. To accommo­
date a faster life cycle and insure normal progress to 
maturity, photoperiod insensitivity would have had much 
adaptive value in helping to insure stability of days to 
flowering and maturity under a wider range of photoperiods 
found in northern latitudes regardless of whether plant growth 
started earlier or later in the spring. Since photoperiod 
changes less from season to season in the subtropics, pho­
toperiod insensitivity would have been of little adaptive 
value to germplasm in those regions. 
Genetic screening 
Screening soybean germplasm for photoperiod insensitivity 
requires that the material be grown under photoperiods of 
different length. Although different planting dates or lo­
cations at different latitudes have been used at times to 
determine the effects of different photoperiods on soybean 
development, care must be taken in interpreting results of 
such experiments, due to confounding temperature and other 
environmental differences between planting dates and 
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locations (Summerfield and Minchln, 1976). Greenhouse or 
growth chamber facilities and artificial lighting are more 
desirable in order to eliminate uncontrolled variables. Many 
lines, mostly of 00 and 0 maturity, have been shown to be 
photoperiod insensitive at flowering. However, in many of 
these lines, maturity is delayed under long photoperiods 
(Criswell and Hume, 1972; Poison, 1972; Guthrie, 1972). 
Guthrie (1972) studied the effects of photoperiods ranging 
from 12 to 24 hours on 20 lines from several maturity groups. 
'Shinsei' (PI 317.336 - Maturity Group 0) was found to be 
photoperiod insensitive at all stages of growth. Nissly et 
al. (1976, 1981) found one Maturity Group III line (PI 
317.334B - a selection from 'Kitami-Shiro') insensitive to 
photoperiod at flowering and maturity from among 515 Group 
III strains tested. There are few other reports of soybean 
lines which are insensitive to photoperiod at both flowering 
and maturity. 
Another method of screening soybeans for photoperiod 
sensitivity is the "decapitation method" (Shanmugasundaram 
and Wang, 1977). This method involves inducing growth of two 
branches at the unifoliolate node by removing the apex of 
seedling plants just above the unifoliolate node. Subse­
quently, the two branches are given long and short photoperi­
od treatments. Photoperiod sensitivity of flowering is esti­
mated by the differences in number of days to flowering 
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between branches. An advantage of this method over more 
conventional methods is that individual plants from a segre­
gating population can be evaluated. From this method, pre­
liminary results of F2 segregation from an insensitive x 
sensitive cross fit a 3:1 sensitive:insensitive ratio, sug­
gesting control of photoperiod insensitivity at flowering 
by a single recessive gene in this cross (Shanmugasundaram, 
1977). 
Barham and Rasmusson (1981) described a method of photo-
period sensitivity screening in an F2 population of barley 
(Hordeum vulqare L. ), a long day species. From crosses of 
photoperiod insensitive x sensitive pure lines, photoperiod 
response of F2 plants was measured simply by the number of 
days from emergence to the beginning of internode elongation 
under short (10 h) photoperiods. Since under long daylength 
the photoperiod sensitive parents reached beginning of inter­
node elongation as soon as the insensitive parent, 'Manker', 
the differences in time to beginning of internode elongation 
between parents under short daylength were assumed to be due 
mostly to photoperiod sensitive genes rather than maturity 
genes. The same type of method could be applied to soybean 
populations, except that photoperiod sensitivity would need 
to be evaluated under long daylength. Maturity genes not 
sensitive to photoperiod would not be accounted for with 
such a method. 
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A development of some academic interest, mentioned as 
a possible photoperiod sensitivity screening method in soy­
bean, is a report that a line previously identified as photo-
period insensitive was capable of flowering even with all 
trifoliolate leaves removed from the plants, while a photo-
period sensitive line required at least one trifoliolate leaf 
and proper photoperiod for floral development. If this re­
lationship held true among other photoperiod sensitive and 
insensitive lines, perhaps a trifoliolate leaf removal tech­
nique could be used as a photoperiod sensitivity screening 
tool. In addition, the inability of sensitive lines to 
flower without the presences of trifoliolate leaves may 
correspond to the juvenile stage of growth from 0-9 days 
after emergence (Shanmugasundaram and Lee, 1981). 
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MATERIALS AND METHODS 
Overview of the Research 
In order to study relationships between photoperiod 
sensitivity and duration of various reproductive stages, 
three single cross populations were developed from parents 
that differed in sensitivity to photoperiod, duration of 
reproductive stages, and date of maturity. Individual paren­
tal and F2 plants from these crosses were evaluated for 
photoperiod sensitivity in the greenhouse by two different 
methods. F^-derived lines from greenhouse-grown plants were 
subsequently evaluated in the field for two years in order 
to estimate the lengths of time between growth stages Rl, 
R5, and R7 of these lines under central Iowa conditions. 
Heritability and the response to selection in these crosses 
were studied in an effort to select for differences in 
lengths of the seed filling period and reproductive period 
without greatly hastening or delaying date of maturity. 
Genetic Material 
The genetic material used in this study consisted of 
parental, F^, F2» F^, and F^ generations of three single 
cross populations developed from diallel crossing (no recip­
rocals) of PI 317.334B (a selection from 'Kitami-Shiro'), 
'Shinsei* (PI 317.336), and 'Harsoy 63'. Shinsei and PI 
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317.334B, both having a strongly determinate growth habit, 
are classified as Maturity Group 0 and Maturity Group III 
lines, respectively. Both lines are reported to be insensi­
tive to differences in photoperiod throughout their life 
cycle. ' These lines were originally obtained as plant intro­
ductions from Hokaido Experiment Station, Sopporo, Japan 
by Dr. C. R. Weber in 1966. Harosoy 63 is an indeterminate, 
photoperiod sensitive cultivar adapted to the Maturity Group 
II range of central Iowa. The three crosses, their respec­
tive parents, and population sizes in each generation are 
reported in Table 1. 
All crosses were made in the summer, 1978, at Ames, 
Iowa. plants and parents were grown in a split plot 
arrangement of a randomized complete block design with four 
replications. Whole plots were crosses, while subplots were 
the and two parental entries per cross. The experiment 
was located at the Bruner farm, approximately 11 km west of 
Ames, Iowa. Growth stages R1 (beginning of flowering) and 
R7 (beginning maturity) (Fehr and Caviness, 1977) were re­
corded for F^ plants and parents. Length of the reproductive 
period (RP) was calculated by subtracting R1 from R7. 
At maturity, seed from all F^ plants of 1X127 and 
1X130 were harvested and bulked to form F^ populations. F^ 
plants of IX137A were harvested individually and maintained 
as separate F2 populations until segregation in the F2 and 
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Table 1. Crosses, population size in each generation, 
and parentage 
Population a size 
Cross 
F 
Decapi­
tation 
, b 
2 
Whole ^3 F4 Parents 
1X127 65 115 110 110 PI317.334B X 
Harosoy 63 
1X130 66 112 126 123 Shinsei x 
Harosoy 63 
IX137À 84 110 109 109 PI317.334B X 
Shinsei 
dumber of plants in F2 generation; number of F2-
derived lines in F^ and F^ generations. 
^otal number of F2 plants gro-wn in each of two methods 
of photoperiod sensitivity screening. 
subsequent generations could verify the hybrid nature of each 
F^ plant, since there were no visible genetic markers avail­
able in this cross other than dates of flowering and maturity. 
F2 plants of each cross were evaluated for photoperiod 
sensitivity in the greenhouse by one of two methods in the 
winter, 1979-1980. In the spring, 1980, F2 plants were har­
vested individually to form F^-derived lines which were evalu­
ated in the field in the F^ and F^ generations. All seeds 
available from each F2 plant were used to grow the F2-derived 
Fg lines, due to the low level of seed production in green­
house conditions. To form the F^ generation lines, two seeds 
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from each plant of a line were bulked in order to better 
maintain the genetic array within each F2-derived line. 
Photoperiod Sensitivity Screening 
In order to estimate photoperiod sensitivity of plants 
in the F2 generation, two methods of evaluation were em­
ployed in adjacent rooms of the agronomy greenhouse at 
Iowa State University, Ames, Iowa. These methods will 
hereafter be referred to as the decapitation method and the 
whole plant method. 
Decapitation method 
The decapitation method (Shanmugasundaram and Wang, 
1977) of photoperiod sensitivity screening is a method where­
by the growing point of individual seedling plants is re­
moved just above the unifoliolate node in order to stimulate 
growth of branches from the two unifoliolate buds. Photo­
period sensitivity can then be estimated on each plant by 
exposing the two branches to long and short photoperiods, 
respectively. The delay in time to flowering (or other 
character of interest) of the branch exposed to long day-
length is an estimate of photoperiod sensitivity of that 
plant. 
The apparatus needed for this experiment was constructed 
on three adjacent 15 ft long greenhouse benches consisting 
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of two rows of 7-liter plastic pots in which plants were 
grown. Two chambers, extending the entire length of each 
bench and made of either black polyethylene film or trans­
parent polyurethane film curtains, were used to cover all 
the branches in one row of pots being exposed to short and 
long daylengths, respectively. The two branches of each 
plant were separated by directing the branches to be ex­
posed to long daylength through small holes cut in a sta­
tionary black polyethylene curtain. The stationary curtain 
was positioned so that the pots were contained within the 
chamber containing the branches exposed to short days. 
After the branches were inserted through the stationary 
curtain, the holes were sealed to prevent light from enter­
ing the short photoperiod chamber. The surface of the bench 
was also lined with black polyethylene film. 
Each bench contained four such chambers—one transparent 
polyurethane chamber and one black polyethylene chamber for 
each row of pots. Each chamber occupied a volume of approxi­
mately 1000 liters. The two transparent chambers were lo­
cated toward the center of each bench so that they would be 
in more direct exposure to artificial lights used to extend 
the natural -photoperiod. The two black chambers were located 
toward the edges of each bench. 
To prevent excessive heating and differences in tempera­
ture between the black and transparent chambers, air was 
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drawn through all four chambers on each bench by an elec­
trically powered fan which served as an air pump. The tem­
perature inside each chamber was monitored daily with max/ 
min thermometers. Short and long photoperiod chambers 
showed no significant differences in temperatures. 
F2 populations and parents were planted into the previ­
ously mentioned pots containing a 1:2:1 mixture of peat, 
silty loam soil, and sand on December 7, 1979. Emergence 
occurred December 14-15, 1979. Four F2 seeds were planted 
per pot and thinned to two plants per pot shortly after emer­
gence. Seedlings were transplanted as needed to obtain stands 
of two competitive plants per pot. The three populations 
were grown on separate benches. Each bench contained the 
following randomized entries; four pots of each of the two 
parents, and 28 to 33 pots of the F2 populations. 
When plants were at the unifoliolate stage of growth 
(about one week after emergence), the growing point of each 
plant was removed with a razor blade, immediately above the 
unifoliolate node. Previous testing had shown that two-
branch development from the unifoliolate node following 
decapitation was faster and more reliable than two-branch de­
velopment following decapitation just above the cotyledonary 
node. 
Following emergence, plants were kept under 24-h photo-
period until January 21, 1980, when branches were large 
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enough to insert into long and short photoperiod chambers 
(about 5-8 cm). At this time, short (9 h) and long (24 h) 
photoperiod treatments were started. At 5:00 p.m. each day, 
both the transparent (24 h treatment) curtains and the black 
(9 h treatment) curtains were unrolled over the branches re­
ceiving each treatment. At 8:00 a.m. the following morning, 
all curtains were again rolled up to uncover the branches. 
Extended photoperiod was provided by continuous illuminance 
of four 200 watt incandescent lamps hanging 50 cm above the 
tops of the chambers directly above the center of each bench. 
In order to allow the branches of the most photoperiod sensi­
tive F2 plants to flower and mature, the long photoperiod 
treatment was reduced to 21 h on February 10, 1980, 18 h on 
February 17, 15 h on February 24, and 12 h on March 2. On 
March 3, the 9 h photoperiod treatment was increased to 12 h, 
which was only slightly longer than the natural photoperiod 
at Ames, Iowa. 
Temperature in the greenhouse varied somewhat with the 
prevailing outdoor temperature. Average high/low tempera­
tures during the first six weeks of growth were 25/19 ± 8C. 
Plants were watered daily or as needed, A soluble formula­
tion of N, P, and K was applied to the plants at a rate 
equivalent to 74:62:55 kg/ha on January 7, 1980 and 19:16:13 
kg/ha on February 4 and February 20. The fungicide benomyl 
and a miticide plectram were sprayed on the plants inter­
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mittently to control infestations of powdery mildew (Micro-
sphaera diffusa (PKe and CK)) and two-spotted spider mites 
(Tetranychus telarius (L.)), respectively. 
Following initiation of photoperiod treatments, the 
following data were recorded for each branch of each plant 
from observations made twice weekly—days to beginning of 
flowering (RIS and RlL), the node on the branch at which 
flowering first occurred (NRIS and MRIL), the total number 
of nodes at beginning of flowering (TNRIS and TNRIL), and 
physiological maturity (R7S and R7L). The S and L designa­
tions at the end of each trait notation indicate, whether the 
trait was measured on branches exposed to short or long days, 
respectively. Node number on each branch was counted up­
ward starting with the unifoliolate node equal to zero. 
Stage R7 was estimated by a slight modification of the de­
scription given by Fehr and Caviness (1977). R7 was esti­
mated as the date at which at least 50% of the pods on a 
plant were yellow or brown. This estimate has been shown to 
more accurately reflect physiological maturity than the pre­
vious definition of R7, i.e., one normal pod on the main 
stem with mature pod color (Gbiki and Crookston, 1981a). 
In this and all subsequent experiments, R7 will be used to 
represent the date at which at least 50% of the pods on a 
plant were yellow or brown. 
Photoperiod sensitivity of each plant was estimated 
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by calculating the differences in time to flowering between 
the two branches, i.e., RIL-RIS. Small differences indicated 
photoperiod insensitivity. Differences between R7L and R7S 
on the same plant were not considered to be good estimates 
of photoperiod sensitivity of time required to reach R7, 
due to the stepwise shortening of the long photoperiod treat­
ment at different stages of development on different plants. 
A relatively low frequency of decapitated plants de­
veloped two vigorous branches, probably due to an extended 
period of cloudy weather and consequent low solar radiation 
levels in the greenhouse. Seed from only the plants that 
developed two branches were used to advance Fg-derived lines 
for field evaluation. F^ rows derived from seeds grown under 
long and short photoperiods were grown separately to elimi­
nate the possibility of maternal environmental effects being 
confounded with genetic effects within each F2-derived line. 
In 1X127, 1X130, and IX137A, 21, 30, and 12 F^ plants, re­
spectively, were obtained for which data were recorded for 
both branches and for which adequate seed from at least one 
branch was available for planting F^ lines. 
Whole plant method 
The whole plant method of photoperiod sensitivity 
screening consisted of growing normal plants of the three 
F2 populations under 24 h photoperiod for 71 days,- after which 
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the photoperiod treatment was reduced stepwise to 21 h, 18 h, 
15 h, and 12 h on February 10, February 17, February 24, and 
March 2, respectively. Photoperiod was reduced in order to 
allow the most photoperiod sensitive plants to flower and 
mature in time to plant F^ seed in field experiments in May. 
As in the decapitation experiment, extended photoperiod was 
provided by continuous illuminance of four 200 watt incan­
descent lamps placed directly above each bench. 
All cultural conditions, including planting date, emer­
gence, plant moisture, plant density per pot, temperature, 
fertility, and disease and insect control, were identical to 
those used for the decapitation experiment. The only in­
tended difference between the two methods was that plants in 
the whole plant method were not decapitated nor covered with 
plastic curtains. In addition, four rows of pots per bench 
could be grown instead of two. Again, each population was 
grown on a separate greenhouse bench which contained the 
following randomized entries: five pots of each of the two 
parents, and 55 to 58 pots (110 to 116 plants) of the F2 
populations. 
The following data were recorded for each plant from 
observations made twice weekly: days to beginning of flower­
ing (Rl), the plant node at which flowering first occurred 
(NRl), total plant nodes at beginning of flowering (TNRl), 
date of physiological maturity (R7), and total plant nodes 
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at physiological maturity (TNR7). 
At maturity, plants were harvested separately to pro­
vide seed for rows. In 1X127, several plants were dis­
carded since they failed to mature in time for field plant­
ing in May 1980. In both the decapitation and whole plant 
experiments, some plants were eventually lost due to low 
seed set, semisterility, or loss of seed due to shattering. 
Field Evaluation of Developmental Stages 
Fg-derived lines from both the decapitation experiment 
and the whole plant experiment were grown together in two 
replications of a nested split-plot form of a randomized 
complete block design in 1980 and 1981. Whole plot treat­
ments were the three crosses; subplots were the F2-derived 
lines in each cross. Subplot entries from each cross in­
cluded three plots of each of the two parents, one or two 
plots of each line from the decapitation experiment, and 
one plot of each line from the whole plant experiment. 
The experiment was planted on adjacent fields of the 
Bruner farm in 1980 and 1981. This site is located at 42° N 
latitude, 93°39" W longitude. The photoperiod at summer 
solstice is just under 16 h (period from sunrise to sunset 
plus 3/4 h civil twilight). Average annual precipitation is 
816 mm, although large deviations from the mean and differ­
ences in the annual distribution pattern may occur from year 
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to year. Average June through August high/low temperatures 
are 82.7/53.3°F, although yearly deviations are common. The 
average June-August high/low temperatures for 1980 and 1981 
were 85.2/61.7°F and 82.7/60.8°F, respectively. Comparison 
of temperatures throughout the growing season showed that 
1980 was cooler in June and considerably warmer in July and 
August than 1981. The site is located on a Clarion-Nicollet-
Webster soil association, with medium to high fertility, and 
good moisture-holding capacity. Each previous fall, following 
removal of an oat crop, elemental N, P, and K fertilizers 
were applied at the rates of 0:29.3:55.8 kg/ha for 1980 and 
0:14.7:83.7 kg/ha for 1981. 
Planting and emergence dates were May 21 and June 1, 
respectively, in 1980 and May 20 and May 30, respectively, 
in 1981. Single-row north-south plots, 1.5 m long, were 
planted with a 107 cm row spacing and a 1.5 m alley between 
ends of adjacent plots. When sufficient numbers of seed 
were available, plots were overplanted and thinned to five 
plants per plot shortly after emergence. A mixture of 
alachlor (2-chloro-2'-6' diethyl-N-(methoxymethyl)acetanilide) 
and chlorpropham (isopropyl m-chlorocarbanilate) was applied 
to the soil preplant incorporated at rates of 3.36 and 1.68 
kg/ha active ingredient, respectively, for weed control each 
year. Plots were mechanically cultivated once in late June 
each year and hand weeded thereafter. 
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All field data were recorded on a per plant basis from 
observations made twice weekly. Data were recorded for days 
to growth stages Rl, R5, and R7, and calculated for repro­
ductive period (RP)—the time interval from Rl to R7, seed 
filling period (SFP)—the time interval from R5 to R7, and 
flowering period (FP)—the time interval from Rl to R5. 
Other data included growth habit (GH), the node number from 
the bottom of the plant (unifoliolate node =0) at which 
flowering first occurred (NRl), and pubescence (PUB). Growth 
habit phenotypes of each plant were classified as determinate, 
indeterminate, or heterozygous/semi determinate. Assuming 
single locus segregation for growth habit was under control 
of the Dt^ (indeterminate):dt^ (determinate) locus (Bernard, 
1972), previous observation had shown that the Dt^dt^ hetero-
zygote often displayed an intermediate or partially dominant 
phenotype which could be distinguished from either homozy­
gote. However, if growth habit differences in these crosses 
were controlled by Dt^^:dt^ and Dt2:dt2 (another locus con­
trolling semideterminate phenotype), then the Dt^dt^ hetero-
zygote might have been phenotypically indistinguishable from 
the Dt^_Dt2_ genotype. When data were later analyzed on a 
line mean basis, lines were classified as determinate, segre­
gating, or indeterminate. Pubescence, as well as growth 
habit, was used as a phenotypic marker from which to maintain 
identity of each line from year to year and rogue out probable 
admixtures. 
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The number of lines grown in the and generations 
are given in Table 1. One line in 1X130 was lost between the 
F2 and F^ generations. 
Statistical Analysis 
All analyses of variance, correlations, and other statis­
tical calculations were performed via computer using the SAS 
computer software package (Barr et al., 1979). 
Analyses of F2 data included phenotypic correlations of 
photoperiod sensitivity at flowering with other traits in 
each cross, examination of frequency distributions, and 
relationship of F2 photoperiod sensitivity with F^ and F^ 
traits. No specific comparisons were made between F2 popula­
tions. However, from observations of the data, IX137A ap­
peared to possess considerably more photoperiod insensitivity 
than the other two populations. 
Because of heterogeneity in the estimates of experi­
mental error among crosses in the field experiments, the three 
crosses were analyzed separately. The model used to fit the 
data within each cross over the two years of the experiment 
was: 
Xijkm = W + Yi + r^j + + yl.^ + + s. (1) 
where: 
Xi = the observation associated with the mth plant 
of the kth line growing in the jth rep in the 
ith year. 
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p. = the overall population mean, 
and 1^ = the effects due to years and F2-derived lines, 
respectively, 
r. . = the replication effect of the jth rep in the 
^ ith year, 
yl-T. = the specific effect of the kth line in the ith 
year, 
e- and s. .. = the experimental error and sampling error, 
^ ijKm respectively. 
All effects in the model were assumed to be random. 
All analyses of variance were calculated on a plot mean 
basis, because of unequal numbers of plants in each plot. 
Sampling mean squares in the analyses were calculated by 
dividing the estimate of sampling variance by the harmonic 
mean of the number of plants per plot, in order to put 
sampling variance on a plot mean scale of reference (Snedecor 
and Cochran, 1980). Since sampling error was the error 
associated with plant-to-plant differences within each plot, 
genetic variance estimates within each line could be esti­
mated by subtraction of the within-plot variance estimate of 
the parents (assumed to be microenvironmental variance) from 
the within-plot variance estimates of the lines. 
Prior to the overall analysis, separate analyses were 
performed for data from lines which had been developed 
in the decapitation experiment to test whether the seed de­
velopment environment, i.e., long or short photoperiod in 
the F2 generation, had any effect on subsequent Fg plant 
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development. Only lines for which seed had been produced 
under both long and short photoperiods were used in the 
analyses. Fifteen, six, and seven lines were analyzed in 
1X127, 1X130, and IX137A, respectively. Without exception, 
no significant effect of maternal photoperiod environment or 
photoperiod x line interaction was observed for any traits 
in any cross. Consequently, all data for these lines were 
pooled over maternal photoperiod environment for the over­
all analyses. 
All data were converted to growing degree days for com­
bined analyses to see whether the significant year effects 
in the combined analyses could be attributable to temperature. 
Growing degree days were calculated by the formula: 
GDD = (high daily temp. + low daily temp. )/2 - 50 (2) 
where: 
GDD = growing degree days. 
Any daily temperature above 86°F was considered 86°F, 
Any daily temperature below 50°F was considered 50°F. 
Highly significant differences were found between 1980 and 
1981 regardless of the units used in the analyses (Table 2). 
The sole exception was the GDD analysis of R5 in 1X127. Since 
daily and seasonal photoperiod exposures were nearly identical 
between the two years of the experiment (emergence data were 
nearly the same both years), the coefficient of variability 
Table 2, Means for days and growing degree days in 3 crosses, 1980 and 1981 
Cross Analysis Year^ R1 R5 R7 FP SFP RP 
1X127 Days 1980 (F?) 41.5 72.8 108.0 31.2 35.2 66. 5 
1981 (F4) 47. 8 75.4 112.1 27.7 36.7 64.3 
Sa 0.44 0.59 0.85 0.31 0.65 0.54 
GDD 1980 (F?) 870 1619 2352 749 732 1461 
1981 (F^) 1055 1639 2269 584 630 1214 
11 nsb 11 8 14 9 
1X130 Days 1980 (F3) 37.7 66.4 98.9 28.7 32.5 61. 2 
1981 (F4) 43.2 69.4 102. 5 26.2 •33.1 59.3 
S-
d 
0.38 0.60 0.39 0.63 0.72 0.77 
GDD 1980 (Fq) 773 1473 2195 700 721 1421 
1981 (F4) 933 1516 2122 582 607 1189 
^d 
11 15 6 16 15 12 
IX137A Days 1980 (F3) 34.3 57.4 96.7 23.0 39.4 62.4 
1981 (F4) 41.8 63.1 99.7 21.3 36.6 57.9 
"a 
0.61 1.30 0.42 0. 86 1.20 0.36 
GDD 1980 (F3) 673 1259 2152 587 893 1479 
1981 (F4) 900 1391 2082 491 691 1182 
Sd 16 27 9 16 25 10 
^All comparisons among years are significant at 1% significance level, except 
for the GDD comparison of R5 in 1X127, 
^ns = nonsignificant. 
* 
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(c.v.) due to years would be expected to be smaller in the 
GDD analysis if significant differences in plant development 
between the two years were primarily due to temperature dif­
ferences. Comparison of year c.v.s from the GDD and day data 
analyses revealed that c.v.s were similar for Rl, R5, and R7 
regardless of the type of data analyzed (Table 3). However, 
c.v.s for flowering period, seed filling period, and repro­
ductive period were two to six times larger when analyses 
were performed with GDD data rather than day data. Further­
more, significant line x year interactions occurred more often 
when combined 'analyses were calculated using GDD data rather 
than day data. Significant year effects and line x year 
interactions would not be expected from the GDD analyses if 
temperature differences were the underlying cause of differ­
ences between years. Consequently, all results will be re­
ported in units of days. 
Note that differences between 1980 and 1981 would re­
flect genotypic differences between the and F^ generations 
due to inbreeding, as well as environmental differences. If 
heterosis is present in the cross between two inbred parents, 
continued inbreeding would cause the mean of the resultant 
population to approach the mean of the two parents after 
several generations. Examination of F^ and F^ data in each 
cross relative to parental data suggests that inbreeding 
effects were minor compared to environmental or genotype x 
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Table 3. Coefficients of variability due to years for 
traits analyzed in days and growing degree days in 
three crosses 
Coefficients of variability (%) 
Cross Analysis^ R1 R5 R7 FP SFP RP 
1X127 Days 10.2 2.4 2.6 9.4 2.6 2.6 
GDD 13.5 0.1 2.5 17.5 10.5 14.0 
1X130 Days 9.2 2.7 2.4 6.6 0 2.1 
GDD 14.1 2.0 2.5 12.9 12.1 13.4 
IX137A Days 13.8 6.6 2.1 4.7 4.6 5.2 
GDD 20.4 6.9 2.3 12.3 17.9 15.8 
^Analyses of variance were calculated on data in units 
of either days or growing degree days; GDD = (high + low)/2 
- 50, where daily temperature above 86°F was considered 85°F 
and daily temperature below 50°? was considered 50°F. 
environment effects (Table 4). In many cases, the popula­
tion mean deviated more from the midparent mean than did the 
F g population mean, contrary to expectations if inbreeding 
was an important factor. 
Phenotypic (line mean basis) and genotypic correlations 
were calculated for all traits in each cross. Genotypic 
correlations were calculated using the SAS matrix procedure 
to calculate the genotypic variance/covariance matrices from 
which genotypic correlations could be calculated directly. 
Table 4, Generation means of through in relation to midparent means in 
three crosses 
Cross Year Gen^ R1 R5 R7 FP SFP RP 
1X127 
1X130 
1979 
1979-80 
1980 
1981 
1979 
1979-80 
1980 
1981 
Fi 4 + 17. 2 + 8. 8 -8.4 
Harosoy 63 10 35.0 106.7 71.7 
PI317,334B 13 43.9 106. 8 62.9 
Fg 115 + 19.5 + 10.2 -8. 2 
Harosoy 63 10 66.2 134.1 67.9 
PI317.334B 11 54.7 115.8 61.1 
F3 110 +5.9 +4. 7 + 2.1 -1. 2 "2. 7 -3. 8 
Harosoy 63 29 31.2 70. 3 99.3 39. 1 29. 0 68.1 
PI317.334B 29 40.1 65. 8 112. 5 25. 7 46. 7 72.4 
F4 110 +6.7 +5. 3 +4.9 -1. 5 -0. 4 -1.8 
Harosoy 63 27 37.4 71. 2 103.1 33. 9 31. 8 65.7 
PI 317.334B 29 45.2 69. 0 111.3 23. 8 42. 3 66.1 
Fl 6 + 11.4 + 11.3 —0 « 1 
Harosoy 63 8 38.6 108.0 69.4 
Shinsei 13 33.7 90.1 56.4 
Fg 112 + 13. 8 + 12.8 -1.1 
Harosoy 63 10 66.1 133.3 67.2 
Shinsei 10 47.2 101.7 54.5 
F3 126 +6.0 +4. 2 +4.9 -1. 7 +0. 6 -1.1 
Harosoy 63 29 30. 8 71. 0 102.1 40. 2 31. 1 71.3 
Shinsei 24 32.7 53. 4 86.0 20. 6 32. 7 53.3 
F4 125 +5.9 +5. 4 +6.6 -0. 5 +1. 1 +0.7 
Harosoy 63 27 37.2 71. 9 104.5 34. 7 32. 7 67.3 
Shinsei 26 37.3 55. 8 87.3 18. 5 31. 5 50.0 
IX137A 1979 
1979-80 
1980 
1981 
PI317.334B 
Shinsei 
F2 
PI317.334B 
Shinsei 
P?317.334B 
Shinsei 
F4 
PI 317,3343 
Shinsei 
15 -1.7 -6.0 -4,3 
15 42,1 106,4 64,3 
16 32,5 89.8 57,3 
110 +0.7 +0.9 +0,2 
10 51, 8 110,0 58.2 
10 49.4 104,0 54,6 
109 -0,9 -1,0 -1,3 -0,2 -0,2 -0,4 
30 38,7 65,7 110,7 27,0 45,1 72,1 
30 31.6 51,1 85,2 19,4 34,1 53.5 
109 -0,4 +0,1 -0,4 +0,5 -0,5 0 
30 47,1 71,0 112,9 23,9 41,8 65,8 
29 37.3 55,0 87,3 17,8 32,3 50.0 
^Generation means are deviations from the midparent values, ^ 
b Number of lines in Fg and population means and number of plants for all 
other means. 
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Realized heritabilities for duration of seed filling 
period and reproductive period were calculated by the 
formula: 
h^ = (X„ - X„ )/(Xs - ) (3) 
where: 
2 h = realized heritability, 
Xg and Xg = the means of the selected population in 
F2 F^ the F^ and F^ generations, respectively, 
Xp and Xp = the overall population means in the F^ 
3 4 and F^ generations, respectively. 
Correlated F^ response of R7 as well as several other char­
acters was also determined. 
Several other parameters were also considered as possible 
selection criteria for lengthening duration of the seed fill­
ing period or reproductive period without hastening or delay­
ing date of R7. These parameters were: 
1. The respective ratios in each line of lengths of the 
seed filling period and reproductive period to date 
of R7, 
2. The deviations in each line of lengths of the seed 
filling period and reproductive period from linear 
regression on date of R7. 
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RESULTS AND DISCUSSION 
Means 
Means of hybrids and parents grown in 1979 are listed 
in Table 5. In 1X127 and 1X130, F^ plants flowered and ma­
tured later than either parent, while in IX137A, earliness 
of Shinsei appeared to be partially dominant. These re­
sults suggest that in 1X127 and 1X130, dominant genes for 
lateness and/or photoperiod sensitivity may have been combined 
in the F^ genotypes to allow for the late developing pheno-
types. In IX137A, the flowering and maturity differences 
between PI317.334B and Shinsei must have been due to differ­
ent genetic factors with different gene action than those 
regulating differences between the parents of 1X127 and 1X130. 
F2 Decapitation Experiment 
Degree of photoperiod sensitivity at flowering in this 
experiment was estimated by the difference in date of flower­
ing (ARl) between the branches exposed to 24-hour and 9-hour 
photoperiods in each F2 plant (Table 6). The small number 
of plants in each population in conjunction with the large 
amount of environmental error as measured by the variance 
of the parents limited the usefulness of these data. The 
mean differences in days to flowering between branches were 
13.5, 10.7, and 13.4 days in IX127, 1X130, and IX137A, 
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Table 5. Means of F-, hybrids and parents of 1X127, 1X130, 
and IX137A 
Cross Entry R1 R7 RP 
-days-
1X127 PI317.334B 
hybrid 
Harosoy 63 
Sa' 
43.8 
55.6 
35.0 
0.9 
106.8 
115.5 
106.7 
• 1.5 
63.0 
58.9 
71.7 
1.5 
1X130 Shinsei 
F^ hybrid 
Harosoy 63 
33.7 
47.5 
38.6 
0.9 
90.1 
110.3 
108.0 
1.5 
56.4 
62.8 
69.4 
1.5 
IX137A PI317.334B 
F^ hybrid 
Shinsei 
42.1 
35.6 
32.5 
0.9 
106.4 
92.1 
89.8 
1.5 
64.3 
56.5 
57.3 
1.5 
^d 1.9 1.3 2 .8  
^Standard error of the difference for comparison of 
means within the same cross. 
^Standard error of the difference for comparison among 
means of F^ hybrids. 
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Table 5. Decapitation experiment means, phenotypic vari­
ances, and broad sense heritabilities of three Fg 
populations 
Cross Entry N ari Min^ Max^ 
.2= 
—days-
1X127 
^2 24 13.5 -6 38 95.0 0.53 
PI317.334B 5 5.6 -3 20 57.7 
Harosoy 63 5 12.9 4 20 32.2 
1X130 
^2 33 10.7 -15 28 120.8 0.69 
Shinsei 4 2.7 -9 16 42,7 
Harosoy 63 4 12.8 2 21 32.2 
IX137A 
^2 24 13.4 -3 26 73.4 0.34 
PI317.334B 5 3.2 -7 18 57.7 
Shinsei 7 -0.7 -2 2 42.7 
^ARl = difference in flowering date of long and short 
day branches. 
^in and Max = minimum and maximum values of ARl, 
respectively. 
'^Phenotypic variance estimates. 
d 
Broad sense heritability, 
. (s|^ - pooled 
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respectively. These values are generally larger than those 
of the parents of each cross, indicating heterosis for photo-
period sensitivity. 
Values of ARl in the F2 population ranged from -15 days 
in 1X130 to 38 days in 1X127. The negative values of ARl were 
assumed to be indicative of the error associated with this 
measurement in that there are no previous reports of soybeans 
possessing a long day response to photoperiod, which would be 
necessary for flowering to occur earlier under a 24-hour 
photoperiod than under a 9-hour photoperiod. Phenotypic 
variance estimates of the populations were about 1.5 to 3 
times larger than those of the parents, resulting in broad 
sense heritabilities of ARl ranging from 0.34 to 0.69. 
Flowering of PI317.334B and Shinsei, both previously re­
ported to be insensitive to photoperiod, was delayed slightly 
by 24-hour photoperiod. The reason for this delay is unknown. 
Possibly, photosynthetic differences between branches exposed 
to long and short days were confounded with photoperiod in-
sensitivity of these lines, thereby delaying flowering under 
long photoperiods. However, little information is available 
in the literature against which to test this hypothesis. 
Flowering in photoperiod sensitive Harosoy 63 was delayed 
nearly 13 days by 24-hour photoperiod treatment. This delay, 
though significantly different from that of Shinsei and 
PI317.334B, was not as large as was originally expected. 
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Error as measured by variance and range of ARl within 
the parents was rather large, probably due to lack of uniform 
growth of the two branches on each plant. Consequently, date 
of flowering may have been affected by different rates of 
development of the two branches and by internally controlled 
signals relayed from an apically dominant branch to a sub-
dominant branch. Shanmugasundaram et al. (1979) suggest that, 
if three or more trifoliolate leaves are present on a branch 
exposed to long photperiod, that branch will respond inde­
pendently of the branch exposed to short photoperiod. Whether 
the branch exposed to short photoperiod will then respond in­
dependently of the branch exposed to long photoperiod is un­
clear. However, in the present research, there were some 
branches growing under either 24-hour or 9-hour photoperiod 
treatment with less than three trifoliolate leaves. 
Another factor of consideration is the method in which 
the parental variances were calculated. Very few, if any, 
plants of each parent developed two branches upon which 
data could be obtained. Consequently, the variance within 
parents was calculated by summing the variances of branches 
grown under short days and branches grown under long days. 
The reasoning comes from the methods of calculating the vari­
ance of the linear equation: 
ARl = RIL - RIS . (4) 
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Thus, 
Var(ARl) = Var(RlL - RIS) (5) 
and 
(6 )  
By this method, all parental plants in the experiment could 
be used to estimate experimental error, whether the plant 
developed one branch or two branches. 
To determine the potential of growing F2 plants under 
24-hour photoperiod as a screening method for photoperiod 
sensitivity, correlations were calculated between ARl and 
date of flowering of the branches grown under 24-hour photo­
period and 9-hour photoperiod (Table 7). A significantly 
high positive correlation was found between ARl and date of 
flowering under 24-hour photoperiod in each cross, suggest­
ing that time to flowering under 24-hour photoperiod was 
related to the degree of photoperiod sensitivity. Con­
versely, lower, negative correlations were found between 
ARl and date of flowering under 9-hour photoperiod, suggest­
ing that time to flowering of F2 plants under 9-hour photo­
period was not related to degree of photoperiod sensitivity. 
Although differences in date of flowering of F2 plants under 
24-hour photoperiod did not explain all of the variability 
in ARl, it did account for enough of the variability in these 
populations (59% and 92%) to encourage the use of the whole 
plant screening method (previously described in Materials 
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Table 7. Phenotypic correlation of differences in R1 between 
branches (ARl) and date of R1 of branches grown in 
short and long photoperiods and difference in date 
of maturity between branches (AR7) in three crosses 
in the decapitation experiment 
R1 
9-h 24-h 
photo- photo-
Cross period period AR7 
1X127 ARl^ -0.33 0.77** 0.83** 
1X130 ARl -0.56** 0.83** 0.59** 
IX137A ARl -0.36 0.96** 0.83** 
n = 24, 33, and 24 for correlation with R1 in either 
short or long daylength in 1X127, 1X130, and IX137A, re­
spectively; n = 20, 27, and 15 for correlations with AR7 in 
1X127, 1X130, and IX137A, respectively. 
**Significant at the 1% probability level. 
and Methods) as an initial photoperiod sensitivity screening 
method. 
Difference in date of R7 between branches (AR7) was not 
considered a good indicator of photoperiod sensitivity near 
maturity, because of changes in photoperiod treatments at 
different stages of growth on different plants. However, 
correlations of ARl with AR7 in these populations were highly 
significant, suggesting that photoperiod sensitivity at 
flowering was, or was closely associated with, an important 
factor in determining date of R7 in the populations studied 
(Table 7). 
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F2 Whole Plant Experiment 
Frequency distributions for date of R1 of F2 popula­
tions and parents are shown in Figures 1, 2, and 3. Each 
vertical bar in the histograms represents the number of F2 
plants which flowered within a four-day interval with mid­
points listed below each interval. Superimposed on each 
figure are the photoperiod environments under which the 
populations were grown. Photoperiods were reduced to 21, 18, 
15, and 12 hours at weekly intervals beginning on 57, 64, 71, 
and 78 days, respectively, after emergence in each population, 
in order to induce the most photoperiod sensitive plants to 
eventually flower. The 12-hour photoperiod was nearly the 
same as the natural photoperiod at Ames, Iowa in early March. 
Frequency distributions of flowering date in 1X127 and 
1X130 displayed a tendency toward bimodal distribution with 
modes at 66 and 92 days after emergence in 1X127, and 52 and 
80 days after emergence in 1X130. This tendency was not as 
obvious in 1X130 where there was an unusually large group 
which flowered in the 54 day class, 
Photoperiod induction affects the flowering process in 
soybeans by stimulating meristematic tissue differentiation 
into floral bud primordia (Borthwick and Parker, 1938b,c). 
This differentiation process begins approximately two weeks 
prior to observation of visible flowers. Consequently, any 
plant that was observed to flower within 71 days after 
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systematically decreasing photoperiod 
57-58 
emergence would have differentiated floral bud primordia 
under 24-hour photoperiod (see diagonal broken lines in 
Figures 1, 2, and 3). Day 71 corresponds closely with the 
low point between the two peaks of the distributions in 1X127 
and 1X130. If these two populations are divided into two 
classes based upon capacity for floral bud differentiation 
under 24-hour photoperiod, the frequency classes approximate 
a 9:7 (photoperiod sensitive:photoperiod insensitive) ratio, 
thus suggesting two-locus complementary control of photoperiod 
sensitivity in these two crosses. However, there appeared 
to be genetic variability within each sensitivity class as 
well as environmental variability when compared against the 
variability within the parents (Figures 1 and 2). 
F2 segregation in 1X127 and 1X130 displayed considerable 
transgressive segregation, particularly for high levels of 
photoperiod sensitivity. It is important to point out that 
possible residual genetic heterogeneity within the parents 
would theoretically be manifested in these F^ segregation 
patterns, because several plants of each parental line were 
used in producing F^ seed which was later bulked to form Fg 
populations in 1X127 and 1X130. However, heterogeneity within 
the parents for photoperiod sensitivity was negligible rela­
tive to the variability displayed in the F2 populations, es­
pecially when one considers that environmental variability 
would account for some of the variability within parents. 
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Of some surprise is the fact that Harosoy 63 was induced 
to differentiate floral bud primordia under 24-hour photo-
period, thus indicating at least partial photoperiod insen-
sitivity. Note, however, that flowering date of Harosoy 63 
was still considerably later than flowering date of 
PI317.334B under 24-hour photoperiod (Figure 1, Table 8). 
Under normal field conditions in Iowa, Harosoy 63 flowers 
considerably earlier than PI317.334B. These observations 
verify that Shinsei and PI317.334B are considerably more 
insensitive to long photoperiod than Harosoy 53. 
In IX137A, all F2 plants were induced to differentiate 
floral bud primordia under 24-hour photoperiod, although a 
small number of plants did not produce visible flowers until 
more than 57 days after emergence (Figure 3). Considerably 
less variance was observed in this population than in 1X127 
and 1X130. These results suggest that Shinsei and PI317.334B 
possess the same set of factors associated with photoperiod 
insensitivity. Of some interest is the fact that Shinsei 
and PI317.334B flowered at very nearly the same time on the 
IX137À greenhouse bench under 24-hour photoperiod. Something 
else, possibly a temperature sensitive mechanism, must be re­
sponsible for the differences in flowering date of these two 
lines under field conditions. 
The correlations between dates of R1 and R7 in all 
populations were highly significant (0.70** to 0.90**), again 
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Table 8. Whole plant experiment means, phenotypic variances, 
and broad sense heritabilities of three popula­
tions and correlations of R1 date with R7 date 
2^ 2^ c 
Cross Entry N R1 ^Rl.R? 
1X127 
^2 115 79.9 262.1 0.97 0. 84 
PI317.334B 11 54.7 10.6 
Harosoy 63 10 66.2 2.8 
1X130 
^2 112 70.4 197.5 0.92 0. 90 
Shinsei 10 47.2 21.3 
Harosoy 63 10 66.1 9.2 
IX137A 
^2 110 51.3 21.3 0.63 0. 70 
PI317.334B 10 51.8 8.8 
Shinsei 10 49.4 6.9 
^Phenotypic variance estimates. 
^Broad sense heritability, 
h2 = - pooled • 
^Phenotypic correlation bet-ween date of R1 and date of 
R7 in these populations; all correlations were significant 
at the 1% probability level. 
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indicating that photoperiod sensitivity at flowering was 
closely associated with factors determining date of R7 in 
these populations. 
Comparison of the results of the decapitation method and 
the whole plant method of photoperiod sensitivity screening 
reveals a considerably greater environmental and experimental 
error variance in the decapitation method than in the whole 
plant method as evidenced by variance within the parents 
(Tables 6 and 8). In addition, the phenotypic variance of 
F2 populations was larger in relation to the variance of the 
parents in the whole plant method, thus accounting for con­
siderably higher broad sense heritabilities in the whole 
plant method than in the decapitation method. 
The decapitation method was plagued with a considerable 
number of plants that did not develop two branches as a re­
sult of poor seedling growth conditions and low solar radia­
tion levels in the greenhouse. This problem, coupled with 
the rather extensive apparatus required to screen a rather 
limited number of plants, made the decapitation method a less 
attractive photoperiod sensitivity screening technique than 
the whole plant method. Clearly however, the whole plant 
method has the limitation of being unable to separate dif­
ferences in photoperiod sensitivity per se with differences 
in date of flowering which are not caused by photoperiod 
sensitivity. Unless better growth conditions and a less 
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cumbersome apparatus could be developed to screen a larger 
number of plants in the decapitation method, the whole plant 
method is probably a better method for initial photoperiod 
sensitivity screening of plants. 
Analyses of Variance Within F2-Derived Lines 
When phenotypic variances within F2-derived lines were 
pooled over each plot of each line, significantly larger 
variance was observed for most traits within F2-derived lines 
grown in the F^ and F^ generations than within the parents in 
each cross (Table 9). This variance is attributable to 
genetic segregation within lines as well as microenvironmental 
variance among plants. Pooled within-line variance increased 
from the F^ to the F^ generation for all traits in each cross 
except the length of the flowering period. Why variance de­
creased for this trait from the F^ to F^ generations is un­
known. Theoretically, variance within a segregating line 
is expected to increase with inbreeding, assuming no selec­
tion, random drift, or overdominance. F-tests were used to 
compare the phenotypic variance within each Fg-derived line 
with the pooled variance of the parents in each cross each 
year in order to group the lines into one of three classes 
in Table 9 depending upon whether the variance within a line 
was not significantly different, significantly different at 
the 5% level, or significantly different at the 1% level 
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Table 9. Analysis of variance "within F2-derived lines in 
the F2 (1980) and (1981) generations of three 
crosses 
Probability level 
of F-test^ 
Cross Year 
wp >5% <5% <1% 
-number of lines-
1X127 1980 10.4 66.5 47 5 58 
1981 4.4 73.4 15 4 90 
1X130 1980 8.4 28.3 55 15 55 
1981 8.8 49.5 38 15 72 
IX137A 1980 4.8 4.6 97 8 4 
1981 13.1 7.3 107 2 0 
1X127 1980 6.3 75.9 14 7 89 
1981 1.9 98.8 4 1 105 
1X130 1980 5.3 59.3 25 5 95 
1981 7.7 79.6 24 4 97 
IX137A 1980 3.8 9.8 55 15 39 
1981 11.3 13.8 99 5 4 
1X127 1980 12.0 49.7 35 • 11 54 
1981 3.5 80.1 5 3 101 
1X130 1980 9.0 39.5 45 10 71 
1981 5.3 61.0 23 11 91 
IX137A 1980 3.9 21.7 30 9 70 
1981 4.1 28.7 25 9 75 
^Number of lines -with within-line variance not signifi­
cantly greater (>5%), significantly greater at the 5% level 
(<5%), or significantly greater at the 1% level {<!%) than 
the within parent variance. 
^Pooled phenotypic variance estimate among plants within 
parents. 
^Pooled phenotypic variance estimate within F2-derived 
lines. 
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Table 9. (Continued) 
Probability level 
of F-test 
Cross Year s2 
wp 4 >5% • <5% <1% 
-number of lines-
1X127 1980 9.3 46.8 44 10 56 
1981 4.1 27.1 19 13 78 
1X130 1980 7.6 21.9 94 14 18 
1981 6.5 21.6 54 13 58 
IX137A 1980 7.4 7.5 100 6 3 
1981 3.8 7.1 82 16 11 
1X127 1980 14.2 32.0 66 11 33 
1981 4.0 37.3 15 13 82 
1X130 1980 8.2 24.6 69 16 41 
1981 5.1 25.1 39 25 61 
1X137A 1980 4.4 10.4 64 17 28 
1981 7.0 12.8 78 12 19 
1X127 1980 18.0 30.6 76 18 16 
1981 8.6 39.3 32 14 64 
1X130 1980 10.3 15.0 106 15 5 
1981 4.7 19.3 46 12 67 
IX137A 1980 5.0 19.4 40 13 56 
1981 9.5 22.3 54 22 33 
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from the variance within parents. The number of lines whose 
variance was highly significantly greater than that of the 
parents increased from the to the generation for all 
traits in 1X127 and 1X130. However, the number of lines 
with variance greater than that of the parents at the 1% 
level often decreased in IX137A, because the within-plot 
variance of the parents of IX137A increased for most traits 
from 1980 to 1981. The reason for this is unclear. 
Total genetic variance in populations of this type can 
be partitioned into variance among lines and variance within 
lines (Falconer, 1960). Furthermore, Hallauer and Miranda 
(1981) have defined total, among-line, and within-line 
genetic variances of F2-derived lines in terms of additive 
and dominance variance by the following formulas: 
= ^2 (7) ,2 
among 
Ctotal = 4 4 <8) 
,2 ^ 2 _ 2 
•'within total among (9) 
where: 
2 
^among ~ genetic variance among F2-derived lines; 
2 CT. . = total genetic variance in a population of 
tora± Fg-derived lines, 
2 
^within ~ genetic variance within F2-derived linesj 
2 2 0^, 0^ = additive and dominance genetic variances, 
respectively, of F2 base population; 
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F = inbreeding coefficient of parents from which lines 
were derived (F2 base population is assumed to have 
no inbreeding, F = 0); 
F* = inbreeding coefficient of generation being examined; 
n = the number of generation after the F2 including the 
generation being examined. 
These formulas assume a gene frequency at all segregating 
loci equal to one-half, and that epistatic variance is neg­
ligible. If the inbreeding coefficient in the F^ and F^ 
generations is 1/2 and 3/4, respectively, the within-line 
variances of a population of Fg-derived lines in the F^ and 
F^ generations can be calculated as: 
«wF = + l/2c| (10) 
and 
* 3/84 (11) 
where 
2 2 (j^p = within line variance of Fg-derived lines 
3' 4 in the F^ and F^ generations, respectively. 
Estimates of within-line genetic variance may be ob­
tained from Table 9 by subtracting the within-line variance 
estimates of the parents (assumed to be microenvironmental 
variance) in 1980 and 1981 from the within-line variance 
estimates of the F^ and F^ generation lines grown in those 
years, respectively. Consequently, estimates of additive 
and dominance variance can be calculated by equating the 
estimates of within-line genetic variance in the F^ and F^ 
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generations with equations 10 and 11, respectively, and solv­
ing the simultaneous equations (Table 10). 
A large amount of error, as well as some genotype x 
microenvironment interaction bias, is associated with these 
estimates as evidenced by the negative values for some 
estimates. In general, additive variances were larger than 
dominance variances in 1X127 and 1X130, except for length 
of the flowering period. Variances were generally smaller 
in IX137A than in 1X127 and 1X130. Also, dominance variances 
were generally of larger magnitude than additive variances in 
IX137A. Because of the large error associated with these 
variance estimates, they are probably of little use in making 
decisions regarding the possible use of various breeding 
and selection methods which might be applied to these 
populations. 
Cross and Growth Habit Means 
Significant differences among crosses were observed for 
dates of Rl, R5, and R7, and length of flowering period 
(Table 11). Differences in lengths of seed filling period 
and reproductive period were not significant, possibly be­
cause only two degrees of freedom were available in the year 
X cross interaction mean square used to test these differ­
ences. On the average, 1X127 flowered and matured later and 
had longer flowering and reproductive periods than 1X130 and 
Table 10, Estimates of additive and dominance variance of three crosses 
Cross Variance^ R1 R5 R7 FP SFP RP 
1X127 Additive 71.8 119.2 128.9 -13.7 53.2 56.7 
Dominance 40.4 20.0 -53.5 88.7 -17.6 -31.5 
1X130 Additive 68.7 83.7 84.9 11.7 20.5 29.5 
Dominance -28.9 24.3 -23.9 16.9 12.3 -20.1 
IX137A Additive -15.1 -5.3 30.0 8.6 3.5 5.3 
Dominance 14.7 17.3 5.6 -8.4 8.5 23. 5 
^Calculated by equating within-line genetic variance estimates of Fg-derived 
lines in Fg and F^ generations with formulas describing theoretical expectations 
for additive and dominance variances within F^-derived lines in F3 and F4 genera­
tions and solving simultaneous equations. 
Table 11, Population means for three crosses in 1980 and 1981^ 
Cross Year R1 R5 R7 FP SFP RP 
days 
1X127 1980 41.9 73.2 108.0 31.3 35.0 66. 3 
1981 48.0 75.4 112,3 27.4 36.7 64.1 
X  45.0a 74.3a 110.3a 29.3a 35. 8 65.2 
1X130 1980 37.8 66. 6 99.0 28.8 32.4 61.2 
1981 43.1 69.2 102.5 26.1 33.2 59.3 
X 40.5b 67.9b 100.8b 27.4a 32.8 60.2 
IX137A 1980 34,3 57.4 96.7 23,1 39.4 62.4 
1981 41,8 63.1 99.6 21,3 36.6 57.9 
X  38. lb 60.2c 98.2c 22.2b 38.0 60. 2 
S-? 0.8 1.4 0.4 0.8 ns^ ns d 
^Combined means for a trait followed by the same letter are not significant­
ly different at the 5% level according to LSD test. 
^Standard error of the difference for comparing combined means, 
^ns = nonsignificant. 
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IX137A. IX137A displayed the longest seed filling period of 
the crosses. However, the longer seed filling period appears 
to be a manifestation of the determinate growth habit of all 
lines in IX137A. Differences among growth habits will be 
discussed more fully later. 
Significant year x cross interactions were observed 
only for lengths of seed filling period and reproductive 
period. Lengths of seed filling period were longer in 1981 
than in 1980 by 1.7 and 0.8 days in 1X127 and 1X130, respec­
tively, but were shorter by 2.8 days in IX137A. Lengths of 
the reproductive period were shorter in 1981 than in 1980 
by 2.2, 1.9, and 4.5 days 1X127, 1X130, and IX137A, respec­
tively. 
Lines in 1X127 and 1X130 were classified into one of 
three growth habit classes depending upon whether they were 
determinate, indeterminate, or segregating for growth habit 
(Table 12). The number of lines (N) in each class in 1X127 
compares closely with a 1:2:1 ratio (X^ = 0.4, 0.75<P<0.90), 
suggesting single gene control of determinate growth habit 
by the dt^ locus in this population of Fg-derived lines. 
However, the number of lines in each growth habit class in 
1X130 does not conform to a 1:2:1 segregation ratio (X = 
22.19**, P<0.005), suggesting one of the following conditions: 
more than one locus is controlling growth habit expression 
in this cross, or growth habit may have been severely mis-
Table 12. Growth habit comparisons in 1X127 and 1X130, 1980 and 1981 
Cross Year Growth habit N R1 R5 R7 FP SFP RP 
days 
1X127 1980 Determinate 
Segregating 
Indeterminate 
27 
58 
25 
36.2 
43.2 
43.5 
59.7 
75.5 
80.7 
103.1 
109.2 
110.7 
23.5 
32.3 
37.2 
43.4 
33.7 
30.0 
66.9 
66.0 
67.2 
1981 Determinate 
Segregating 
Indeterminate 
27 
58 
25 
42.7 
49.2 
50.0 
64.8 
77.0 
83.5 
106.7 
112.7 
116.6 
22.0 
27.8 
33.5 
42.0 
35.7 
33.0 
64.0 
63.5 
66.6 
X  Determinate 
Segregating 
Indeterminate 
27 
58 
25 
39.5 
46.2 
46.7 
62.2 
76.2 
82.1 
104.9 
111.0 
113.6 
22.7 
30.0 
35.3 
42.7 
34.7 
31.5 
65.4 
64. 8 
66.9 
o —a 
^d 4.0 2.4 2.2 1.3 1.7 nsb 
1X130 1980 Determinate 
Segregating 
Indeterminate 
43 
74 
9 
33.7 
39.0 
46.8 
57.7 
70.1 
78.3 
94.2 
100.6 
107.0 
23.9 
31.1 
31.5 
36.6 
30.5 
28. 8 
60.5 
61.7 
60.3 
1981 Determinate 
Segregating 
Indeterminate 
43 
74 
9 
38.7 
44.3 
55.8 
61.0 
72.4 
85.0 
96.8 
104.3 
115.3 
22.3 
28.1 
29.2 
35.8 
31. 8 
30.3 
58.0 
60.0 
59.5 
X  Determinate 
Segregating 
Indeterminate 
43 
74 
9 
36.2 
41.6 
51.3 
59.3 
71.3 
81.6 
95.9 
102. 5 
111.2 
23.1 
29.6 
30.4 
36.2 
31. 2 
29.5 
59.3 
60.8 
59.9 
2.1 2.5 2.7 1.3 1.5 1.1 
^Standard error of the difference between means for the determinate and inde­
terminate groups combined over years, 
^ns = nonsignificant. 
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classified in the field, or a combination of both. The 
latter may indeed be the case, because when growth habit data 
were recorded, individual plants were classified as either 
determinate (dt^), indeterminate (Dt^), or heterozygous 
(Dt^dt^). If another gene(s) with major control of growth 
habit was segregating, lines might have been unnaturally 
forced into one of the three growth habit classes. A gene 
controlling semideterminate growth habit (Dt^) (Bernard, 
1972) may have been involved in this cross. If both loci 
were segregating, and homozygous semideterminate lines 
(Dt^Dt^DtgDtg) had been classified as determinate lines 
(dt^dt^), the number of lines in each growth habit class in 
2 1X130 would conform to expected frequencies (X = 0.78, 0.5< 
P<0.75) assuming growth habit control by both dt^ and Dt2. 
For Dt2 to be involved in 1X130, it must have been inherited 
from Shinsei, where its presence would be masked by dt^. 
Harosoy 63 has been shown not to possess Dt2. 
Growth habit was closely associated with all develop­
mental traits except length of the reproductive period in 
1X127. On the average, determinate groups of both 1X127 and 
1X130 reached Rl, R5, and R7 considerably earlier than the 
indeterminate groups in either year or averaged over years 
(Table 12). Dates of Rl, R5, and R7 in the determinate group 
averaged 7.2, 19.9, and 9.7 days earlier, respectively, in 
1X127 and 15.1, 22.3, and 15.3 days earlier, respectively. 
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in 1X130 than those of indeterminates. This is opposite of 
the relationship found in most USA-adapted soybean germplasm 
in which later maturing lines are determinate and earlier 
lines adapted to northern soybean growing areas are inde­
terminate. Very early maturity of some lines in .1X130 may 
have caused them to appear determinate even though they may 
not have possessed dt^, thus possibly also contributing to 
the large number of lines classified as determinate in 1X130. 
Lengths of flowering and seed filling periods of deter­
minate lines averaged 12.5 days shorter and 11.2 days longer, 
respectively, in 1X127 and 7.3 days shorter and 6.7 days 
longer, respectively, in 1X130 than those of indeterminates. 
The longer seed filling period of determinate lines is 
probably a manifestation of the technique used to estimate 
the beginning of rapid seed filling, i.e., growth stage R5 
(Fehr and Caviness, 1977). R5 describes a plant with seeds 
3 mm long in a pod at one of the four uppermost mainstem 
nodes with a fully developed leaf. Because flowering may 
begin on the uppermost nodes on the main stem and few if any 
additional mainstem nodes are produced on a determinate plant, 
the first nodes to flower will also be the nodes at which 
growth stage R5 is identified. On an indeterminate plant, 
the nodes at which R5 is identified would have started 
flowering considerably later than the first flowering nodes 
on the plant, because flowering begins several nodes below 
74 
the plant apex and a considerable number of additional 
nodes may be produced after the plant has started to flower. 
Consequently, differences in lengths of the flowering period 
(R1 to R5) and seed filling period (R5 to R7) between deter­
minate and indeterminate groups is not considered to be 
biologically significant in this experiment. Variability 
and selection for longer flower or seed filling periods 
was studied within growth habit groups to avoid the confound­
ing effect of the R5 estimation among growth habits. 
No differences among growth habits were observed for 
length of reproductive period in 1X127. Reproductive period 
differences among growth habits were highly significant in 
1X130, according to the combined analysis of variance. How­
ever, examination of the means shows that average differences 
between determinate and indeterminate groups were small (1.5 
and 0.6 days in 1X127 and 1X130, respectively). 
Significant year x growth habit interactions were ob­
served for most traits in 1X127 and 1X130 (see combined 
analysis of variance in Appendix). In all cases where a 
significant year x growth habit interaction occurred, the 
interaction resulted only in a change in magnitude of the 
difference between the determinate and indeterminate groups 
rather than a change in rank, from 1980 to 1981 (Table 12) . 
In only two cases, length of seed filling period in 1X127 
and date of R7 in 1X130, did the change in magnitude of the 
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difference between determinate and indeterminate classes ex­
ceed four days. The year x growth habit interaction for date 
of R7 in 1X130 may have been due to cooler fall temperature 
delaying the later maturing indeterminate lines relatively 
more than the earlier maturing determinate lines in 1981, 
because the cooler 1981 growing season or other environmental 
factors delayed soybean development later into the fall rela­
tive to 1980. However, shorter fall photoperiod should have 
had a compensating effect by hastening development of the 
later maturing indeterminate class. The year x growth habit 
interaction for length of seed filling period in 1X127 could 
not be due to cooler fall temperatures delaying development 
of the later maturing indeterminate class in 1981 because the 
difference in length of the seed filling period between the 
determinate and indeterminate growth habit classes was 
smaller in 1981 than in 1980. However, the seed filling 
period interaction may have been due to a year x growth habit 
interaction for date of R5. Because different people assisted 
with recording data each year, date of R5 of determinate 
plants may have been estimated somewhat differently between 
the two years. 
Phenotypic variance estimates among lines in each growth 
habit were compared to determine which growth habit(s) ac­
counted for most of the variability among lines (Table 13). 
Bartlett's chi-square test of homogeneity of variance was 
Table 13, Phenotypic variances of traits in each growth habit class of 1X127 
and 1X130 
fEh!! 
Cross Growth habit R1 R5 R7 FP SFP RP 
1X127 Determinate 
Segregating 
X2 
1X130 Determinate 
Segregating 
Indeterminate 
X2 
IX137A Determinate 
27 76. 0** 104. 9** 100. 0** 5.4** 18. 8** 28. 5** 
58 53. 0** 69. 4** 65. 1** 7.4** 7. 4** 13. 3** 
25 46. 3** 35. 2** 46. 6** 24.1** 3. 5 32. 8** 
b 
1. 5 7. 0* 3. 7 18.9** 18. 1** 9. 2* 
43 40. 6** 71. 6** 61. 0** 20.0** 17. 2** 15. 2** 
73 34. 3** 37. 8** 39. 1** 8.9** 6. 0** 7. 6** 
9 10. 0* 18. 2** 17. 9** 3.1 0. 8 3. 5 
ID 
4. 8 8. 5* 5. 4 14.3** 28. 1** 9. 9** 
109 3. 9** 8. 8** 29. 1** 3.5** 9. 6** 22. 7** 
^Phenotypic variance estimates (line mean basis) among N lines grown in two 
replications each of two years; estimates were tested against error mean square 
divided by 4, 
^Bartlett's chi-square test of homogeneity of variances within each cross. 
*,**F-tests of variance estimates and chi-square tests of homogeneity of vari­
ances were significant at the 5% and 1% probability levels, respectively. 
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used to determine whether the three variance estimates in a 
cross could be considered to be from the same population. 
In both 1X127 and 1X130, variance estimates for date of R5 
and lengths of flowering, seed filling, and reproductive 
periods were significantly different among growth habits 
according to this test. 
In 1X127, highly significant variance among lines (as 
determined by F-tests) was found for all traits except length 
of the seed filling period in the indeterminate class. The 
reason for this is unclear since the 1X127 indeterminate 
group possessed more variability than the other groups for 
length of flowering and reproductive periods. In 1X130, 
phenotypic variance estimates for all traits were highly 
significant in the determinate and segregating classes. In 
the indeterminate class, variance estimates, though signifi­
cant, were smaller for dates of Rl, R5, and R7 and nonsig­
nificant for lengths of the flowering, seed filling, and 
reproductive periods. This may be due in part to the smaller 
number of lines (9) found in this class, which would provide 
poorer estimates of real variances. However, genetic reasons 
for the lack of variability in this class cannot be ruled 
out. The determinate class in both 1X127 and 1X130 often dis­
played larger variances than any other class. Variances 
among determinate lines of IX137A were all highly significant, 
but usually smaller than those in the 1X127 and 1X130 deter­
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minate classes. This observation is in agreement with F2 
generation data and and F^ field observation, which indi­
cated considerably less variability in IX137A than in the 
other two crosses. 
Photoperiod Sensitivity Related to 
Field Performance 
Correlations of photoperiod sensitivity of F^ plants 
with dates of Rl, R5, and R7 of F2-derived lines were positive 
and significant, especially in 1X127 and 1X130 (Table 14). 
These correlations were lower among lines screened by the 
decapitation method than among lines screened by the whole 
plant method. This would be expected because genotypic dif­
ferences in date of various growth stages under field condi­
tions, as well as genotypic differences in date of Rl under 
24-hour photoperiod in the whole plant experiment, could be 
due to the same nonphotoperiod sensitive factors in addition 
to photoperiod sensitive factors. Also, the large error in­
volved with measuring photoperiod sensitivity in the decapita­
tion experiment may have masked the expression of any genetic 
relationships between photoperiod sensitivity and date of 
various growth stages, as well as heritable differences in 
photoperiod sensitivity among F^ plants and their F^-derived 
lines. 
Fg-plant photoperiod sensitivity was not closely corre­
lated with lengths of the flowering, seed filling, or total 
Table 14. Phenotypic correlations of Fg-derived line traits with Fg plant photo-
period sensitivity measured by decapitation and whole plant methods in 
three crosses 
Cross 
Photoperi od 
sensitivity 
screening 
method R1 R5 R7 FP SFP RP 
1X127 Decapitation 17 0.51* 0.50* 0.53* 0.29 -0.35 -0.02 
Whole plant 93 0.87** 0.76** 0.73** 0.18 -0.34** -0.17 
1X130 Decapitation 30 0.24 0.18 0.31 -0.04 0.05 0.01 
Whole plant 95 0.81** 0.78** 0.79** 0.42** -0.28** 0.28** 
IX137A Decapitation 11 0.67* 0.73* i 0.41 0.28 0.20 0.23 
Whole plant 98 0.45** 0.36** • 0.27** 0.10 0.15 0.14 
^Number of Fg parent/Fg-derived line pairs from which correlations were 
calculated. 
*,**Significantly different from zero at the 5% and 1% probability levels, 
respectively. 
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reproductive periods in any cross, with correlation coeffi­
cients ranging from -0.35 to 0.42** (Table 14), However, 
photoperiod sensitivity relationships with lengths of 
flowering and seed filling periods varied among growth 
habits (Table 15). In 1X127, photoperiod sensitivity and 
length of flowering period were positively correlated in the 
determinate class (r = 0.61**), and negatively correlated in 
the indeterminate class (r = -0.51**), The same relation­
ships between photoperiod sensitivity and length of the 
flowering period occurred in 1X130, although the correlations 
were not significantly different from zero (r = 0,30 and 
-0,31 in determinate and indeterminate classes, respectively). 
The reason for these reverse relationships between the deter­
minate and indeterminate classes is obscure. Perhaps since 
the determinate class reached R1 and R5 earlier in the grow­
ing season, during a period of longer daylengths, photo­
period sensitive lines in the determinate class were not in­
duced to have faster reproductive development from R1 to R5, 
Conversely, in the later-developing indeterminate class, 
photoperiod sensitive lines may have been induced to develop 
faster from R1 to R5 due to photoinduction under shorter 
photoperiods. However, correlations of photoperiod sensi­
tivity with length of the seed filling period did not follow 
this trend between the two growth habits (Table 15), Length 
of reproductive period was significantly correlated with 
Table 15, Phenotypic correlations within each growth habit of traits of Fg-
derived lines with F2 plant photoperiod sensitivity measured by 
the whole plant method in 1X127 and 1X130 
Cross Growth habit R1 R5 R7 FP SFP RP 
1X127 Determinate 
Segregating 
Indeterminate 
23 
49 
21 
0.87** 
0,87** 
0,83** 
0.88** 
0,82** 
0,44* 
0,87** 
0,76** 
0,35 
0.61** 
0.00 
-0.61** 
-0.13 
-0.20 
-0.10 
0.14 
-0.15 
-0.56** 
1X130 Determinate 
Segregating 
Indeterminate 
36 
52 
7 
0.75** 
0,75** 
0,13 
0.73** 
0.65** 
-0.03 
0.69** 
0.74** 
-0.04 
0.30 
-0.06 
-0.31 
-0.19 
0.30* 
-0.05 
0.15 
0.23 
-0.26 
^Number of F^ parent/F«-derived line pairs from which correlations were cal­
culated. 
*,**Significantly different from zero at the 5% and 1% probability levels, 
respectively. 
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photoperiod sensitivity only in the indeterminate class of 
1X127 (r = -0.55**). Again, this may be due to relatively 
shorter photoperiods later in the growing season lAiich 
hastened the relative rate of advancement toward maturity in 
lines with a greater degree of photoperiod sensitivity. 
Lines from both the decapitation and whole plant photo­
period sensitivity screening methods were combined to compare 
field performance of sensitive and insensitive classes in 
1X127 and 1X130 (Table 16). The insensitive class in both 
crosses consisted of lines whose F2 parent plants flowered 
prior to 72 days after emergence in the whole plant method, 
or whose F2 parent plants displayed a difference in days to 
flowering between branches of seven days or less in the de­
capitation experiment (see Table 6, Figures 1, 2, 3). The 
sensitive classes consisted of lines whose F2 parent plants 
did not meet those criteria. 
Sensitive and insensitive class means were consistent 
with correlation data in that dates of Rl, R5, and R7 of the 
insensitive classes were significantly earlier than those of 
the sensitive classes. These results are partially confounded 
with differences in flowering and maturity dates between de­
terminate and indeterminate lines, because of the apparent 
association or linkage between determinate growth habit, 
early maturity, and photoperiod insensitivity. However, 
there are still differences between insensitive and sensitive 
Table 16. Photoperiod sensitivity class comparisons of F^-derived lines, 1X127 
and 1X130 
Cross 
Photoperiod 
class^ N" R1 R5 r7 fp sfp rp 
1X127 Insensitive 43 37,3 66.5 104.3 
Sensitive 67 49.6 79,1 113.9 
Sg 1,1 1.3 1.4 
29,2 
29.5 
ns*^ 
37,7 
34, 8 
0.6 
67.0 
64,3 
0.9 
1X130 Insensitive 52 35.0 61.0 94.9 26.0 33.8 59.8 
Sensitive 73 44.0 72.2 104.5 28.2 32.3 60,4 
^d 0,9 1.2 1 . 1  0,7 0.6 ns 
^Fo-derived line was considered insensitive if branches of the F2 plant 
flowered in 7 days or less of each other in decapitation method, or if F2 plant 
flowered in 71 days or less after emergence in whole plant method. 
^Combined number of lines from both decapitation and whole plant photoperiod 
sensitivity screening methods. 
^ns = nonsignificant. 
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classes even within each growth habit class (Table 17). No 
differences occurred between sensitive and insensitive 
classes for lengths of flowering period or seed filling 
period within each growth habit, except for the indeterminate 
growth habit class of 1X127 where the insensitive class had 
a 6.2 day longer flowering period than the sensitive class. 
Over all growth habits, the sensitive class of 1X127 had a 
2.7 day shorter reproductive period than the insensitive 
class (Table 16). This is primarily due to a 6.7 day dif­
ference in length of reproductive period between sensitive 
and insensitive classes of the indeterminate group of 1X127 
(Table 17). No significant differences between photoperiod 
sensitivity classes occurred for length of reproductive 
period in 1X130. 
Idealistically, one could interpret differences in dura­
tions of flowering, seed filling, and reproductive periods be­
tween photoperiod sensitivity groups as suggesting that genes 
controlling insensitivity at flowering have been recombined 
with genes controlling photoperiod sensitivity at beginning 
of seed filling or maturity. However, it would appear that 
most differences between photoperiod sensitivity groups could 
be explained by differences in dates of Rl, R5, and R7 among 
classes, which caused these dates, and thus the time periods 
between them, to occur under different photoperiods, which 
in turn could cause different levels of photoinduction and 
different rates of development to occur among sensitivity 
Table 17, Photoperiod sensitivity x growth habit class comparisons of F„-derived 
lines in 1X127 and 1X130 ^ 
Photoperiod 
Cross Growth habit class^ N® R1 r5 R7 FP SFP RP 
days 
1X127 Determinate Insensitive 17 34.9 57.0 100.5 22.1 43.6 65.7 
Sensitive 10 47.1 70.8 111.9 23.7 41.1 64.8 
2.3 2.7 2.8 1.2 1.2 1.8 
Segregating Insensitive 16 37.2 67.5 103.1 30.3 35.6 65.9 
Sensitive 42 49,7 79.5 114.0 29.8 34.5 54.3 
sd 1.7 2.0 2,1 0.9 0,9 1.3 
Indeterminate Insensitive 10 41.2 79.9 111.6 38.7 31.7 70.4 
Sensitive 15 51,1 83.6 114.8 32.5 31.2 63.7 
sd 2.3 2.7 2.9 1.2 1.2 1.8 
1X130 Determinate Insensitive 31 34.0 57.2 93.3 23.2 36.1 59.3 
Sensitive 12 41.6 64.2 100.1 22.6 35.9 58.4 
1.7 2.2 2.0 1.2 1.1 1.1 
Segregating Insensitive 21 36.6 66.6 97.2 30.1 30.5 60.6 
Sensitive 52 43.7 73.0 104.8 29.3 31.8 61.0 
1.3 1.6 1.5 0.9 0.8 0.8 
Indeterminate Insensitive 0 - — — - - — 
Sensitive 9 51.3 81.6 111.2 30.4 29.5 59.9 
Pg-derived line was considered insensitive if branches of the Fo plant 
flowered in 7 days or less of each other in decapitation method, or if Fg plant 
flowered in 71 days or less after emergence in whole plant method. 
Combined number of lines from both decapitation and whole plant photoperiod 
sensitivity screening methods. 
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classes. In other words, the observed differences among 
photoperiod sensitivity classes might have been different if 
the population had been exposed to a different photoperiod 
environment. 
Correlation Among Traits 
Of particular interest in this research is the possi­
bility of lengthening various developmental periods without 
affecting date of maturity. In this regard, correlations of 
R7 date with lengths of flowering period, seed filling period, 
and reproductive period are of prime importance (Table 18). 
Over all growth habit classes, phenotypic correlations of the 
length of the reproductive period with R7 date in 1X127 and 
1X130 are small, though highly significant (r = 0.33** and 
0.48**, respectively). These correlations are lower than 
most previously reported (Moraghan, 1970; Ellingson, 1974j 
Chang, 1976) in germplasm adapted to the USA. It would ap­
pear that selection for longer reproductive period might be 
possible without greatly affecting date of maturity in these 
two populations. Conversely, in IX137A, length of the repro­
ductive period, as well as flowering period and seed filling 
period, were quite highly correlated with R7 date. This would 
suggest the same type of relationship between PI317.334B and 
Shinsei as is found among adapted parental materials now used 
in soybean breeding programs in the USA. Crosses between the 
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Table 18. Phenotypic correlations of date of R7 with 
flowering period, seed filling period, and 
reproductive period in three crosses 
Cross FP SFP • RP 
1X127 0.49** -0.22* 0.33** 
1X130 0.52** -0.23** 0.48** 
IX137A 0.88** 0.90** 0.93** 
*,**Significantly different from zero at the 5% and 1% 
probability levels, respectively. 
adapted parent, Harosoy 53, and either of the two unadapted 
plant introductions have generated populations in which this 
relationship appears to be lower. 
Relationships of lengths of flowering period and seed 
filling period with maturity varied among growth habits and 
crosses (Table 19). In the 1X127 determinate class and the 
1X130 indeterminate class, length of flowering period was 
highly significantly correlated with R7 date (r = 0.84** and 
0.80**, respectively). Selection for a longer flowering 
period without changing the date of R7 would be restricted 
by this high correlation. In the 1X130 determinate class, 
the correlation of length of flowering period with R7 date 
was 0.41**. This correlation, though highly significant, is 
probably low enough to allow selection for differences in 
length of flowering period without affecting R7 date. Other 
Table 19, Phenotypic correlation matrix within each growth habit of 1X127 and 
1X130% 
Trait Growth habit^ R1 R5 R7 FP SFP RP 
R1 Determinate 
Segregating 
Indeterminate 
0.98** 
0.94** 
0.71** 
0.84** 
0.88** 
0.67** 
0.58** 
-0,02 
-0.53** 
-0.40* 
-0.30* 
0.11 
-0.07 
-0.24 
-0.42* 
R5 Determinate 
Segregating 
Indeterminate 
0,86** 
0.88** 
0,92** 
0.91** 
0.93** 
0.97** 
0.72** 
0.30* 
0.22 
-0.29 
-0.32* 
0.35* 
0.07 
-0.01 
0.31 
R7 Determinate 
Segregating 
Indeterminate 
0,86** 
0.87** 
0,86** 
0.87** 
0.91** 
0.97** 
0.84** 
0.29* 
0,25 
0.13 
0.01 
0.73** 
0.47* 
0.23 
0.39 
FP Determinate 
Segregating 
Indeterminate 
0,19 
-0,15 
0,45 
0.67** 
0.34** 
0.75* 
0.41** 
0.17 
0.80** 
0.21 
-0.09 
0.26 
0.61** 
0.68** 
0.95** 
SFP Determinate 
Segregating 
Indeterminate 
-0.13 
0.04 
-0.60 
-0.41** 
-0.20 
-0.50 
0.09 
0.18 
-0.28 
-0.59** 
-0.50** 
-0.13 
0.91** 
0.67** 
0.55** 
RP Determinate 
Segregating 
Indeterminate 
0.08 
-0.13 
0.14 
0.34* 
0.18 
0.47 
0.57** 
0.34** 
0.62 
0.52** 
0.64** 
0.88** 
0.38* 
0.35** 
0.36 
^1X127 correlations are on upper right side of diagonal; 1X130 correlations 
are on lower left of diagonal. 
^Numbers of determinate, segregating, and indeterminate lines are 27, 58, 
and 25, respectively, in 1X127, and 43, 73, and 9, respectively, in 1X130, 
*,**Significantly different from zero at the 5% and 1% probability levels, 
respectively. 
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correlations between length of flowering period and R7 date 
were relatively small. 
It is important at this point to understand that flower­
ing period in this study actually refers to the time period 
from growth stage R1 (beginning of flowering) to growth 
stage R5 (beginning of rapid seed filling). This period of 
time is when a large if not total amount of the flowering 
takes place. However, growth stage R5 does not estimate the 
end of the actual flowering period. If data were available 
for the last date of flowering, then genetic differences in 
the true length of the flowering period could be obtained 
independently of growth stage R5. However, last date of 
flowering, particularly on indeterminate soybeans, is diffi­
cult to define in an applicable manner, and probably even 
more difficult to measure. 
Length of the seed filling period was not significantly 
correlated with R7 date in any growth habit class of 1X127, 
or 1X130, except for the 1X127 indeterminate class (r = 
0.73**). This correlation might present a problem when se­
lecting for longer seed filling period in this class. How­
ever, the low correlation in all other classes would suggest 
seed filling period could be lengthened without affecting 
R7 date. 
Correlations among dates of Rl, R5, and R7 were positive 
and highly significant in all growth habit classes and 
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crosses, thus suggesting the same or closely linked genetic 
factors account for a substantial amount of the variability 
in these traits (Table 19). Consequently, these data suggest 
that the best way to select for longer developmental periods 
is to collect data for all growth stages (i.e., Rl, R5, and 
R7), calculate lengths of developmental periods, and select 
for them directly. 
Selection for Seed Filling Period and 
Reproductive Period 
In order to calculate realized heritabilities of lengths 
of seed filling and reproductive periods, and direct and 
correlated responses to selection, lines were selected in 
the Fg generation for either long or short seed filling or 
reproductive periods. Selections for length of the seed 
filling period were made within each growth habit class of 
each cross to avoid confounding effects of growth habit. 
Selections for length of the reproductive period were made 
without regard to growth habit, because no significant dif­
ferences occurred between growth habits for length of the 
reproductive period. 
Realized heritabilities of reproductive period length 
were high in all populations, ranging from 0,63 to 1,17 
(Table 20). Heritabilities were highest in 1X130 and lowest 
in 1X127, However, heritabilities were fairly consistent 
regardless of the direction of selection. The inflated 
Table 20, Realized heritabilities and direct and correlated responses due to 
selection for reproductive period in three crosses (10% selection 
intensity) 
Direction Correlated response^ 
Selection, of _c 
Cross intensity selection H S ARP R1 R7 FP SFP 
days 
1X127 11/110 Long 0.63 +9.4 +5.9 -3.7 + 2.2 +4,1 + 1.8 
11/110 Short 0,71 -7.8 -5.5 + 1.5 -4.0 -2,6 -2.9 
1X130 13/125 Long 0.96 + 5.0 +4, 8 -3.8 +1.0 + 3.0 +1.8 
13/125 Short 1.17 -5,4 -6.4 • -3.6 -10.3 -4.8 -1.6 
IX137A 11/109 Long 0.95 +7.9 + 7.5 + 2.0 +9,5 + 2.2 + 5.3 
11/109 Short 0.84 -8.4 -7.1 -1.2 -8.3 -2.7 -4.4 
^Correlated F^ responses of dates of R1 and R7, and lengths of the flowering 
period and seed filling period, respectively. 
^Number of lines in selected population divided by number of lines in 
original population. 
^Realized heritabilityt = ARP/S, where ARP = the response relative to the 
F^ population mean and S = the selection differential relative to the F^ 
population. 
92 
heritability estimate of 1.17 in 1X130 is due in part to a 
larger observed variance for reproductive period length, in 
the generation than in the generation. Consequently, 
unit selection in the generation could lead to responses 
greater than unity due to the expanded scale. Heritabilities 
cannot be biased to a great extent by an expanding or con­
tracting scale, however, since no line x year interactions 
were detected in the analyses of variance. 
Due to 10% bidirectional F^ selection intensity, repro­
ductive period was lengthened 4.8 to 7.5 days and shortened 
5.5 to 7.1 days relative to the population means (Table 20). 
The bidirectional uniformities of selection differentials, 
responses, and heritabilities suggest that the variability 
for reproductive period was normally distributed in these 
crosses. The 5.9 and 4.0 day longer reproductive periods in 
1X127 and 1X130, respectively, resulted from 3.7 and 3.2 
day earlier R1 dates, respectively, and 2.2 and 1.0 day later 
R7 dates, respectively. The short delay in maturity is 
probably tolerable in most situations, if seed yield increases 
could be derived from the longer reproductive periods. The 
5.5 and 6.4 day shorter reproductive periods derived from 
selection for short reproductive period in 1X127 and 1X130, 
respectively, resulted from a 1.5 day later and 3.6 day 
earlier R1 date, respectively, and 4.0 and 10.3 day earlier 
R7 dates, respectively. Thus, selection for short reproduc-
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tive period hastened maturity date considerably more than 
selection for long reproductive period delayed it. 
Selection for long and short reproductive periods in 
IX137A precipitated 9.5 day later and 8.3 day earlier R7 
dates, respectively. These responses are a manifestation of 
the close association between length of reproductive period 
and R7 date in IX137A. A 9.5 day delay in R7 date would be 
intolerable in a program to lengthen reproductive period. 
Selection for longer reproductive period lengthened 
seed filling period by 1.8, 1.8, and 5.3 days in 1X127, 
1X130, and IX137A, respectively. Consequently, the longer 
reproductive period was due primarily to a longer flowering 
period in 1X127 and 1X130, but a longer seed filling period 
in IX137A. Selection for shorter reproductive period also 
shortened the seed filling period by 2.9, 1.6, and 4.4 days 
in 1X127, 1X130, and IX137A, respectively. The shorter 
reproductive period was due primarily to a shorter flowering 
period in 1X130, equally shorter flowering and seed filling 
periods in 1X127, and a shorter seed filling period in IX137À 
(Table 20). 
Realized heritabilities of length of seed filling period 
in the determinate and segregating growth habit classes were 
high, ranging from 0.46 to 1.02 (Table 21). In these two 
growth habit classes, heritabilities were somewhat higher for 
selection for long seed filling periods, than for selection 
Table 21, Realized heritabilities and direct and correlated responses due to 
F3 selection for seed filling period in each growth habit of three 
crosses (19% selection intensity) 
Growth Selection "^'sctL^n ^ Correlated response* 
Cross habit intensity^ selection H S ASFP R5 R7 FP RP 
1X127 Det 5/27 
5/27 
Long 
Short 
0.98 
0.61 
+6.2 
-6.1 
+6.1 
-4.0 
-5.5 
+ 2.6 
+0.6 
-1.4 
-0.5 
-1.0 
+ 5.6 
-5.0 
Segr 11/58 
11/58 
Long 
Short 
0.82 
0.46 
+4.1 
-4.4 
+ 3.3 
-2.0 
-1.7 
+ 2.2 
+ 1.6 
+0.2 
+0,4 
+0.3 
+ 3.7 
-1.7 
Indet 5/25 
5/25 
Long 
Short 
-0.47 
0.46 
+ 3.4 
-3.1 
-1.6 
-1.4 
+0.6 
-0.2 
-1.0 
-1.6 
-1.2 
-2.4 
-2.8 
-3.8 
1X130 Det 8/43 
8/43 
Long 
Short 
0.96 
0.67 
+ 5.6 
-5.9 
+5.4 
-4.0 
-7.3 
+ 5.1 
-1.9 
+1.1 
-3.1 
+4.7 
+ 2.3 
+0.7 
Segr 14/73 
14/73 
Long 
Short 
0.96 
0.63 
+ 3.0 
-3.1 
+ 2.9 
-2.0 
-5.2 
+ 1.3 
-2.3 
-0.7 
-1.9 
+ 2.8 
+ 1.0 
+0.8 
Indet 2/9 
2/9 
Long 
Short 
0.42 
-0.81 
+ 1.9 
-2.0 
+0.8 
+ 1.5 
-5.0 
-1.6 
-4.2 
-0.1 
-1.0 
-2.3 
-0.2 
-0.8 
IX137A Det 21/109 
21/109 
Long 
Short 
1.02 
0.99 
+4.3 
-4.1 
+4.4 
-4.1 
+ 2.4 
-2.4 
+6.8 
-6.5 
+ 1.8 
-1.5 
+6,2 
-5.6 
^Correlated F^ responses relative to the population means for dates of R5 and 
R7, and lengths of the flowering period and reproductive period, respectively, 
^Number of lines in selected population divided by number of lines in original 
population. 
= ASFP/S, where = realized heritability, ASFP = the response of seed 
filling period relative to the F4 population mean, and S = selection differential 
of seed filling period relative to the F^ population mean. 
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for short seed filling periods. In the indeterminate classes 
of 1X127 and 1X130, heritabilities were negative in two of 
the four estimates, and relatively low in the other two es­
timates. This is due to the lack of significant genotypic 
variance for seed filling period length in either class 
(Table 13). The IX137A determinate class displayed the high­
est heritabilities for length of seed filling period of any 
class. 
Note that heritability estimates of length of the seed 
filling period, as well as measured responses to selec­
tion, are subject to larger error than those of length of 
the reproductive period, because of the smaller populations, 
i.e., number of lines in each growth habit, being used for 
each calculation. Because of the smaller population sizes, 
lower selection intensities were used in selecting for length 
of seed filling period (19%) than in selecting for length 
of reproductive period (10%). If the response criteria (seed 
filling periods of lines) are not curvilinearly related 
to the selection criteria (seed filling periods of F^ lines), 
then differences in selection intensity should not bias the 
estimates of realized heritability. In addition, lower selec­
tion intensities would provide greater precision in estimat­
ing heritabilities, because of more precision in estimating 
the mean of the selected population. Note, however, that 
F^ responses are expected to be smaller with a lower selec­
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tion intensity. 
Seed filling periods in the determinate and segregating 
growth habit classes in the generation were lengthened and 
shortened relative to the population mean by 19% selec­
tion intensity for long and short seed filling periods, re­
spectively (Table 21). Responses were somewhat larger in the 
determinate classes (absolute values ranging from 4.0 to 6.1 
days) than in the other classes, in accordance with larger 
genetic variances for seed filling period length found in 
the determinate classes (Table 13). In the determinate and 
segregating classes, responses were somewhat larger due to 
selection for long seed filling periods (2.9 to 6.1 days) 
than responses due to selection for short seed filling 
periods (2.0 to 4.1 days), in accordance with differences 
in heritability estimates of these groups. 
Selection for longer seed filling periods in the deter­
minate and segregating classes of 1X127 and 1X130 hastened 
R5 date by 1.7 to 7.3 days (Table 21). However, R7 date 
was not consistently affected by seed filling period selec­
tion. In the determinate and segregating classes of 1X127, 
R7 date was delayed 0.6 and 1.6 days, respectively. In 
1X130, selection for longer seed filling period actually 
hastened R7 date 1.9 and 2,3 days in the same growth habit 
classes. Selection for longer seed filling period in IX137A 
delayed R5 and R7 dates 2.4 and 6.8 days, respectively, while 
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selection for short seed filling period hastened R5 and R7 
dates 2.4 and 6.5 days, respectively. 
Selection for longer and shorter seed filling periods 
was accompanied by longer and shorter reproductive periods, 
respectively, in the determinate and segregating classes of 
1X127 and IX137A. However, reproductive period changes were 
mixed in 1X130 as a result of lower correlations between 
these traits in 1X130 (Table 19). In both the determinate 
and segregating classes of 1X130, selection for longer seed 
filling period decreased the length of the flowering period 
due to negative correlations between these traits. 
Selection Independent of Maturity Date 
In order to select lines with longer seed filling or 
reproductive periods for further breeding work, it would be 
useful to have a selection parameter that would facilitate 
selection of lines with longer seed filling or reproductive 
periods independently of date of R7. Such a parameter would 
require the properties of being both highly correlated with 
seed filling or reproductive periods and also uncorrelated 
with date of R7. Two types of parameters, (1) the ratio 
of length of either seed filling or reproductive period to 
R7 date (R) and (2) the deviation of length of seed filling 
or reproductive period from linear regression on R7 date 
(D), were evaluated in the Fg generation for possible use as 
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selection criteria. 
The R parameter is simply an estimate of the proportion 
of the total life of the plant or line which is being 
utilized in seed filling or reproductive growth. It would 
be simpler and easier to calculate than the D parameter. 
It can be shown that the R parameter is equivalent to the D 
parameter when the regression line used to calculate the D 
parameter has an intercept value of zero. Under this con­
dition or conditions which closely approximate it, the R 
parameter would be a useful and convenient selection criterion 
to select for differences in length of the seed filling or 
reproductive period independently of R7 date. If the re­
gression of seed filling or reproductive period length on R7 
date does not have an intercept value of zero, then the R 
parameter would be either negatively (positive regression 
intercept) or positively (negative regression intercept) 
correlated with R7 date. 
The D parameter, by statistical definition, is uncorre-
lated to R7 date, i.e., the independent variable. Zero 
correlation between deviations from a regression line and 
the independent variable is a property of least squares re­
gression. Consequently, if the D parameter is highly corre­
lated with length of seed filling or reproductive periods, it 
would be a useful selection criterion regardless of the value 
of the regression intercept. 
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Among generation lines, correlations of the ratio of 
reproductive period length to R7 date (R^^) with length of 
the reproductive period were highly significant in all 
crosses (Table 22). However, correlations of R^^ with R7 
date were also highly significant. In fact, these correla­
tions were of a higher magnitude than the correlations be­
tween length of the reproductive period and R7 date in 1X127 
and 1X130 (Table 18). Consequently, the R^^ parameter is of 
little use for selection in these populations. Alternative­
ly, correlations of deviations of reproductive period 
length from regression on R7 date (D ) were highly signifi-jTp 
cant in all crosses and quite strong in 1X127 and 1X130 
(Table 22). 
Similarly, F^ generation correlations of the ratio of 
seed filling period length to R7 date (R^^^) with date of 
R7 were highly significant in all growth habit classes in 
each cross (Table 23). Correlations of both R^^ and Rg^p 
with R7 date were negative in 1X127 and 1X130, indicating a 
positive regression intercept, and positive in IX137A, in­
dicating a negative intercept. F^ correlations of the devia­
tion of seed filling period length from regression on R7 
date in each growth habit of 1X127 and 1X130 were highly 
significant and quite close to unity. Consequently, the 
and parameters were used as selection criteria for 
lengthening the reproductive period and seed filling period 
independently of R7 date. 
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Table 22. Phenotypic correlations of length of the repro­
ductive period and date of R7 with and 
in the generation of three crosses 
Cross R rp rp 
1X127 RP 
R7 
0.61** 
-0.63** 
0.97** 
0.00 
1X130 RP 
R7 
0.30** 
-0.78** 
0.94** 
0.00 
IX137A RP 
R7 
0.81** 
0.53** 
0.38** 
0.00 
= 110, 125, and 109 in 1X127, 1X130, and IX137A, 
respectively. 
= ratio of length of the reproductive period to R7 
date in each line; = deviations of length of the repro­
ductive period of each line from regression on R7 date. 
**Sigriificantly different from zero at the 1% proba­
bility level. 
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Table 23. Phenotypic correlations of length of the seed 
filling period and date of R7 with and 
in each growth habit of three crosses in the F_ 
generation 
Cross Growth habit R b sfp 
1X127 Determinate 27 SFP 
R7 
0.74** 
-0.62** 
0.99** 
0.00 
Segregating 58 SFP 
R7 
0.76** 
-0.58** 
0.99** 
0.00 
Indeterminate 25 SFP 
R7 
0.80** 
-0.52** 
0.99** 
0.00 
1X130 Determinate 43 SFP 
R7 
0.81** 
-0.53** 
0.99** 
0.00 
Segregating 73 SFP 
R7 
0.78** 
-0.57** 
0.99** 
0.00 
Indetermi nate 9 SFP 
R7 
0.90** 
-0.60 
0.98** 
0.00 
IX137A Determinate 109 SFP 
R7 
0.74** 
0.32** 
0.48** 
0.00 
^N-uihber of lines in each growth habit class. 
= ratio of length of the seed filling period to 
R7 date in each line; = deviations of length of the 
seed filling period of each line from regression on R7 date 
in each growth habit. 
**Significantly different from zero at the 1% proba­
bility level. 
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Selection for Deviations from Regression 
D and D _ values were calculated for each line in 
rp sfp 
both the F g and generations. Regressions of seed filling 
period were calculated in each growth habit of each cross, 
while regressions of reproductive period were calculated in 
each cross. 
Realized heritabilities of were high in all popula­
tions (Table 24). Heritability values, ranging from 0.65 to 
0.95, were nearly as high as heritabilities of length of the 
reproductive period per se, indicating that the relationship 
between length of the reproductive period and R7 date was 
highly heritable. Heritabilities were similar whether selec­
tions were for highly positive or negative deviations, and 
were highest in 1X130. was increased and decreased in 
the F^ generation by 2.4 to 6.1 days and 2.4 to 4.9 days, 
respectively, due to 10% bidirectional selection intensity 
in the F^ generation. responses were highest in 1X127, 
even though this cross had the lowest heritability for 
This can be explained by the fact that 1X127 had a lower 
correlation between length of the reproductive period and R7 
date than 1X130 or IX137A (Table 18), which in turn generated 
more phenotypic variability for (the deviations of length 
of the reproductive period from regression on R7 date) in 
this cross relative to the others. Similarly, correlated F^ 
Table 24. Realized heritabilities and direct and correlated responses due to 
F2 selection for deviations of length of the reproductive period from 
regression on R7 date (D^ ) in three crosses (10% selection intensity) 
„ . Direction Correlated response^ 
Selection, of _c ^ 
Cross intensity selection H S RP R1 R7 FP SFP 
days 
1X127 . 11/110 Long 
Short 
0.67 
0.66 
+9,1 
-7,5 
+6.1 
-4.9 
+6.4 
-4.5 
-5.0 
+ 6.3 
+ 1.5 
+ 1.8 
+ 3.5 
-1.7 
+2.9 
-2.8 
1X130 13/125 Long 
Short 
0.93 
0.95 
+ 5.1 
-4.5 
+4.7 
-4.3 
+4.5 
-5.2 
-5.4 
+ 1,6 
-0.9 
-3.5 
+ 2.3 
-3.7 
+ 2.2 
-1.5 
IX137A 11/109 Long 
Short 
0.82 
0.73 
+ 2.9 
-3.3 
+2.4 
-2.4 
+ 1.3 
-0.6 
-2.7 
+ 3.0 
-1.3 
+ 2.4 
+0.3 
+0.2 
+ 1.0 
-0.8 
Correlated F4 responses relative to the population means for length of the 
reproductive period, dates of R1 and R7, and lengths of the flowering period and 
seed filling period, respectively. 
^Number of lines in selected population divided by number of lines in original 
population, 
= ADj-p/S, where = realized heritability, S = the selection differential 
of deviations of length of the reproductive period from regression on R7 date rela­
tive to the F3 population mean, and AD^p ~ the response of deviations of length of 
the reproductive period from regression on R7 date relative to the population 
mean. 
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responses of length of reproductive period were highest in 
1X127 (Table 24). In IX137A, less variability for as 
well as a lower correlation between and reproductive 
period length, precluded a substantial response in length 
of reproductive period in this cross. 
The longer and shorter reproductive periods in 1X127 
and the longer reproductive period in 1X130, all of which 
were derived from selection, were due primarily to changes 
in R1 date. However, the 5.2 day shorter reproductive period 
in 1X130, due to selection for negative was accompanied 
by 3.5 day earlier maturity. 
A comparison of the efficacies of selection for length 
of the reproductive period per se and (Tables 20 and 24) 
indicates that reproductive period length was changed nearly 
equally by both selection procedures in 1X127 and 1X130. 
However, these changes were accompanied by greater changes in 
R7 date, when the selection criteria was length of the repro­
ductive period per se. This was especially true when select­
ing for short reproductive periods. In IX137A, the high 
correlation between length of the reproductive period and R7 
date precluded substantial changes in length of the reproduc­
tive period without correlated changes in R7 date due to se­
lection by either method. Changes in length of the reproduc­
tive period due to selection for were due to approximately 
equal changes in lengths of both the flowering and seed fill­
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ing periods (Table 24). 
Realized heritabilities of varied among growth 
habits and direction of selection in a manner similar to that 
of seed filling period per se (Table 25). Heritability values 
were higher in the determinate and segregating growth habit 
classes (0.59 to 1.01 and 0.40 to 1.02, respectively), than 
in the indeterminate classes (-0.51 to 0.33), due mostly to 
a lack of variability in length of the seed filling period 
among indeterminate lines. In determinate and segregating 
classes, heritabilities of were higher when selection 
was positive than when selection was negative. In IX137A, 
heritabilities were somewhat lower for than for length 
of seed filling period per se, probably because of less 
variability for in this cross. However, in 1X127 and 
1X130, heritabilities were similar to heritabilities of 
length of the seed filling period. 
responses of due to 19% bidirectional selection 
intensity in each growth habit in the generation were 
highest in the determinate classes of 1X127 and 1X130 (Table 
25). In accordance with the, lower heritabilities, these re­
sponses were smaller when selection was for negative 
values, responses in the indeterminate classes were 
small and inconsistent, due to a lack of variability for 
length of seed filling period in these classes. 
Correlated F^ responses of length of the seed filling 
Table 25. Realized heritabllities and direct and correlated responses due to F3 selection for 
deviations of length of the seed filling period from regression on R7 date (Dgfp) in 
each growth habit of three crosses (19% selection intensity) 
Cross habit 
Direction 
Growth Selection of g* 
intensity selection H 
Correlated response 
AD sfp SFP R5 R7 FP RP 
-days-
1X127 Det 5/27 
5/27 
Long 
Short 
0.97 
0.60 
+6.2 
-6.4 
+6.0 
-3.9 
+6.1 
-4.0 
-5.5 
+2.6 
+0.6 
-1.4 
-0.5 
-1.0 
+5.6 
-5.0 
Segr 11/58 
11/58 
Long 
Short 
0.76 
0.40 
+4.0 
-4.4 
+3.1 
-1.8 
+3.1 
-1.8 
-1.5 
+3.7 
+1.6 
+1.9 
+0.5 
+0.5 
+3.6 
-1.3 
Indet 5/25 
5/25 
Long 
Short 
-0.39 
0.33 
+3.4 
-3.1 
—1 • 3 
-1.0 
-1.4 
-1.2 
+1.1 
+0.4 
-0.3 
-0.9 
-1.0 
-2.2 
-2.4 
-3.4 
1X130 Det 8/43 
8/43 
Long 
Short 
1.01 
0.66 
+5.6 
-5.9 
+5.7 
-4.0 
+5.5 
-3.8 
-7.2 
+5.2 
-1.7 
+1.3 
-2.9 
+4.8 
+2.6 
+1.0 
Segr 14/73 
14/73 
Long 
Short 
1.02 
0.70 
+3.0 
-3.1 
+3.0 
-2.2 
+2.8 
-2.0 
-4.8 
+3.0 
-2.1 
+0.9 
-2.0 
+2.9 
+0.8 
+0.9 
Indet 2/9 
2/9 
Long 
Short 
-0.36 
-0.51 
+1.8 
—2 • 1 
-0.6 
+1.1 
-1.3 
+1.0 
-4.0 
-1.6 
-5.2 
-0.6 
-0.9 
-1.4 
-2.2 
-0.4 
IX137A Det 21/109 
21/109 
Long 
Short 
0.59 
0.64 
+2.2 
-1.9 
+1.3 
-1.2 
+1.4 
-1.4 
-1.2 
+1.0 
+0.3 
-0.4 
+0.6 
+0.1 
+2.0 
-1.3 
^Correlated F. responses relative to the population means for length of the seed filling 
period, dates of R5 and R7, and lengths of the flowering and reproductive periods, respectively, 
^Number of lines in selected population divided by number of lines in original population, 
c 2 2 H = ^sfp/S» where H = realized heritability, S = the selection differential of deviations 
of length of the seed filling period from regression on R7 date relative to the F3 population mean, 
and ADgfp = the response of deviations of length of the seed filling period from regression on R7 
date relative to the F4 population mean. 
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period due to selection for were similar to the re­
sponses in as expected in light of the high correla­
tions between length of seed filling period and in each 
growth habit class (Table 23). By selecting for positive 
values, seed filling period was lengthened 6;1 and 3.1 
days in the determinate and segregating classes, respective­
ly, of 1X127, and 5.5 and 2.8 days in the determinate and 
segregating classes, respectively, of 1X130 (Table 25). 
Changes in length of the seed filling period in the de­
terminate and segregating classes of 1X127 and 1X130 were due 
primarily to changes in the date of R5, except when seed 
filling period was lengthened in the segregating class of 
1X127. In general, however, R7 date was not affected greatly 
by selection for in growth habit classes which possessed 
variability for 0^^^. 
In 1X127, changes in length of the seed filling period 
were accompanied by similar changes in length of the repro­
ductive period and little change in length of the flowering 
period. Ho'wever, in 1X130, lengthening the seed filling 
period usually resulted in a shorter flowering period, while 
shortening the seed filling period resulted in a longer 
flowering period. 
The use of as a selection parameter to lengthen 
seed filling periods independently of maturity may not be 
necessary in 1X127 and 1X130, due to the low correlations 
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between length of seed filling period and R7 date in these 
crosses (Table 19). There were few differences in the rela­
tive magnitudes of change in R7 date between selection for 
and length of seed filling period per se. 
Final Discussion of Results 
The relationships between photoperiod sensitivity at 
flowering time and length of the reproductive period in soy­
beans do not appear to be very strong in these populations. 
However, photoperiod sensitivity at flowering in these lines 
was not rigorously studied. The relationship between photo­
period sensitivity at flowering and photoperiod sensitivity 
at maturity is also unclear from this study. Previous re­
ports (Johnson et al., 1960; Major et al., 1975b) indicate 
a close relationship between photoperiod sensitivities at 
various growth stages. Whether the relatively low correla­
tions of seed filling and reproductive periods with R7 date 
in 1X127 and 1X130 are due to incorporation of unique forms 
of photoperiod insensitivity recombined with genes regulating 
plant development in adapted germplasm, or are due to some 
unknown recombination of genes from these quite diverse gene 
pools is unknown. 
The results indicated that selection could cause changes 
in lengths of the seed filling or reproductive periods with­
out greatly affecting date of maturity in 1X127 and 1X130. 
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In this regard, the use of the deviation of length of repro­
ductive period of each line from linear regression on R7 
date (D^p) was a valuable tool. However, its counterpart 
for improving length of the seed filling period was 
of little value, since correlations between length of seed 
filling period and R7 date were already quite low. It would 
appear that these deviation parameters would be of greatest 
value when correlations of lengths of seed filling and re­
productive periods with R7 date are intermediate. If these 
correlations are high, as in IX137A, there is little varia­
bility for or among lines from which to select. In 
addition, and would not be closely associated with 
lengths of the reproductive or seed filling periods. Con­
versely, if correlations of lengths of seed filling and 
reproductive periods are low, selection for these traits 
per se would not be expected to affect maturity date. 
It is difficult to directly compare the effectiveness 
of selections for seed filling period and reproductive 
period. Realized heritability values for both traits were 
high. responses were somewhat larger for reproductive 
period selection than for seed filling period selection. 
However, selection intensity was larger and variance was 
usually larger for reproductive period than for seed filling 
period. Which, if either, of these traits is more closely 
109b 
associated with productivity will ultimately determine 
which of these traits should be emphasized more in a breed­
ing program. 
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SUMMARY AND CONCLUSIONS 
In order to study genetic variability for the length of 
the seed filling period and reproductive period and their 
relationships with date of maturity and photoperiod sensi­
tivity at flowering, all possible single crosses were made 
among Harosoy 53 and two photoperiod insensitive plant intro­
ductions, PI317.334B and Shinsei (PI317.336). The three re­
sultant F2 populations were screened for photoperiod sensi­
tivity in the greenhouse. Preliminary results of one photo­
period sensitivity screening method suggested possible major 
control of ability to induce floral bud development under 
24-hour photoperiod by two complementary genes in crosses 
between either photoperiod insensitive parent and Harosoy 63. 
When evaluated in the field for two years, F2-derived 
lines with a determinate growth habit displayed a shorter 
time period from beginning of flowering (Rl) to beginning of 
rapid seed filling (R5) and a longer seed filling period 
than did lines with an indeterminate growth habit, probably 
due to the method of estimating the beginning of rapid seed 
filling rather than to biological differences among growth 
habits in length of the seed filling period for any particu­
lar pod. Significant and heritable genetic variability for 
lengths of the seed filling period and reproductive period 
was observed among F2»derived lines in all growth habit 
classes and crosses, except for length of the seed filling 
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period in the indeterminate classes. Heritabilities of 
length of the seed filling period ranged from 0.46 to 1.02 
in growth habit classes where genetic variability existed, 
Photoperiod sensitivity of plants was closely 
associated with dates of Rl, R5, and R7 of F2-derived lines 
grown in the field. However, it was not closely associated 
with lengths of the seed filling or reproductive periods. 
Although some correlations of lengths of the seed fill­
ing and reproductive periods with date of R7 were significant 
in all crosses, these correlations were lower in crosses be­
tween Harosoy 63 and either of the photoperiod insensitive 
plant introductions than correlations previously reported. 
Reproductive period of lines in the generation could 
be lengthened by six days due to F^ selection for long repro­
ductive period. Seed filling period in F^ lines could also 
be lengthened by six days due to F^ selection for long seed 
filling period in growth habit classes where genetic varia­
bility was present. 
Deviations of lengths of the seed filling period and 
reproductive period of each line from a regression on date 
of R7 were used to select lines with seed filling and repro­
ductive periods longer than normal for a given date of R7. 
These parameters were useful as F^ selection criteria to 
lengthen the seed filling and reproductive periods of 
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selected lines without affecting date of R7. Herita-
bilities of these parameters were similar to those of 
lengths of the seed filling and reproductive periods. 
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APPENDIX 
Table 26. Correlation coefficients for traits^ in three crosses^ in 
decapitation experiment 
RIS RIL DRl R7S R7L DR7 RPS RPL 
RIS 0.35 
0.00 
-0.33 
-0.56** 
0.68** 
0.73** 
0.29 
0.06 
-0.17 
-0.42* 
-0.02 
-0.31* 
-0.18 
0.08 
RIL -0.07 0.77** 
0.83** 
0.38 
0.15 
0.84** 
0.86** 
0.70** 
0.55** 
0.12 
0.30 
-0.75** 
—0.44** 
DRl -0.36 0.96** 0.04 
-0.31 
0.61** 
0.74** 
0.83** 
0.69** 
0.14 
0.48** 
-0.57** 
-0.43* 
R7S 0.34 -0.38 —0.44* 0.48* 
0.16 
-0.13 
—0.54** 
0.72** 
0.42** 
0.01 
-0.05 
R7L 0.17 0.67** 0.67** -0.29 0.80** 
0.74** 
0.32 
0.14 
-0.28 
0.07 
DR7 -0.04 0.83** 0.83** —0.64** 0.92** 0.02 
-0.14 
-0.11 
0.07 
RPS —0.40** -0.30 -0.15 0.72** -0.45 -0.63* 0.27 
-0.26 
RPL 0.10 -0.67** —0.66** 0.53* 0.10 -0.20 0.48 
NRIS -0.32** 0.01 0.15 -0.09 0.04 0.05 0.14 0.36 
NRIL 0.23 —0.64** -0.41* -0.07 0.05 0.04 -0.24 0.68** 
TNRIS -0.37** 0.40 0.50* -0.03 0.36 0.39 0.25 0.07 
TNRIL 0.56** 0.50** -0.26 0.00 0.29 0.32 -0.40 0.57** 
TNR7S —0.36** 0.52** 0.65** 0.09 0.42 0.58* 0.36** -0.24 
TNR7L 0.50 -0.20 -0.01 0.35 0.31 0.25 -0.05 0.57** 
TNADDEDS -0.10 0.36 0.43* 0.14 0.20 0.44 0.22 -0.51 
TNADDEDL 0.22 -0.06 -0.13 0.44 0.17 0.04 0.28 0.25 
^Notation used for traits is defined in Materials and Methods, 
TNADDEDS and TNADDEDL are the additional number of nodes which developed 
from beginning of flowering until maturity on branches grown in short and 
long photoperiods, respectively. 
b1X127 and 1X130 correlations are in upper and lower rows, respec­
tively, on upper right side of matrix; IX137A correlations are on lower 
left side of matrix. 
*,**Significant at the 5% and 1% levels, respectively. 
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NRIS NRIL TNRIS TNRIL TNR7S TNR7L TNADDEDS TNADDEDL 
-0.33* 0.53* -0.52** 0.54** -0.30 0.59** -0.14 0.26 
-0.17 0.40* -0.33* 0.46** -0.39* 0.35 -0.28 0.28 
0.42* 0.60** 0.43* 0.62** 0.26 0.51** -0.07 -0.10 
0.48** 0.18 0.53** 0.27 0.43* 0.33* 0.32 O.Ol 
0.57** 0.26 0.79** 0.22 0.47* 0.05 0.10 -0.26 
0.51** -0.13 0.62** -0.12 0.60 0-02 0.48** -0.10 
-0.31 0.41 -0.30 0.45* -0.18 0.44 -0.01 0.29 
0.09 0.12 -0.22 0.24 -0.22 0.12 -0.11 0.40 
0.10 0.53** 0.30 0.62** 0.30 0.64** 0.09 0.23 
0.47** 0.31 0.50** 0.38** 0.28 0.30* 0.18 0.12 
0.26 0.56* 0.60** 0.52* 0.53* 0.60** 0.29 0.18 
0.25 0.05 0.37 0.05 0.38* -0.06 0.21 -0.05 
-0.10 0.19 —0.06 0.14 0.04 0.22 0.12 0.18 
0.25 -0.49** 0.12 -0.32 0.21 -0.18 0.22 -O.Ol 
-0.56** -0.45** -0.40 —0.40** -0.03 -0.11 0.26 0.44** 
-0.24 0.09 -0.20 0.03 —0.46* 0.09 -0.47* 0.20 
-0.04 0.57** -0.02 0.42* -0.01 0.18 -0.10 
0.06 0.71** -0.04 0.52** -0.19 0.12 -0.24 
-0.12 -0.14 0.91** -0.07 0.79** -0.19 0.04 
-0.02 0.85** -0.30 0.66** -0.45* 0.02 
0.64** -0.13 -0.18 0.79** -0.30 0.34* -0.40 
-0.16 0.83** -0.24 0.20 -0.30 
-0.30 0.89** -0.16 -0.14 0.89** -0.29 0.12 
-0.52** 0.90** -0.65** 0.21 
0.41** -0.23 0.64** -0.18 -0.04 0.84** -0.09 
-0.68** 0.71** —0.60** 
-0.07 0.76** 0.25 0.92** 0.07 -0.15 0.56** 
—0.68** 0.61** 
-0.11 -0.20 -0.16 -0.09 0.66** -0.24 0.04 
-0.55** 
0.05 0.24 0.25 0.23 -0.10 0.60** -0.53** 
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Table 27. Correlation coefficients for traits^, iti three crosses^ in 
the whole plant experiment 
R1 R7 RP NRl TNRl TNR7 TNADDED 
R1 0.84** 
0.90** 
—0.7 8** 
-0.16 
0.57** 
0.32** 
0.76** 
0.78** 
0.54** 
0.69** 
-0.22* 
0.01 
R7 0.70** -0.31** 
0.29** 
0.44** 
0.22* 
0.67** 
0.66** 
0.64** 
0.71** 
0.04 
0.21* 
RP 0.07 0.76** -0.43** 
-0.21* 
—0.57** 
-0.22* 
-0.18 
0.11 
0.43** 
0.43** 
NRl 0.35** 0.32** 0.12 0.77** 
0.65** 
0.58** 
0.49** 
—0.08 
-0.26* 
TNRl 0.58** 0.53** 0.21* 0.74** 0.76** 
0.77** 
-0.13 
-0.17 
TNR7 0.43** 0.52** 0.34** 0.63** 0.75** 0.55** 
0.51** 
TNADDED -0.11 0.11 0.25** -0.01 -0.15 0.54** 
dotation used for traits is defined in Materials and Methods; 
TNADDED is the additional number of nodes which developed from beginning 
of flowering until maturity on each plant. 
^1X127 and 1X130 correlations are in upper and lower rows, respec­
tively, in the upper right side of matrix; IX137A correlations are in 
lower left side of matrix. 
*,**Significantly different from zero at the 5% and 1% probability 
levels, respectively. 
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Table 28. Combined analyses of variance among crosses 
Mean squares^ 
Source df R1 NRl R5 R7 FP SFP RP 
Year (Y) 1 118.32** 11.37 37.04** 36.46** 22.96** 0.04 24.81* 
Rep (R/Y) 2 0.27 0.11 0.26 0.20 0.01 0.85 0.83 
Cross (C) 2 49.42** 0.49 198.23** 161.14** 54.64** 27.28 33.15 
Y X C 2 1.28 0.13 3.78 0.33 1.23 5.48* 2.00** 
Error 4 0.19 0.33 1.06 0.38 0.59 0.74 0.10 
^ean squares were calculated on a whole plot mean basis, since 
crosses contained unequal numbers of lines. 
*,**Significant F-test at the 5% and 1% probability levels, 
respectively. 
Table 29. Analyses of variance (plot mean basis) for traits measured in 
day units in three crosses 
Cross 
1X127 
1X130 
IX137A 
Mean squares 
Source df R1 NRl 
Year (Y) 1 4590.56** 544.14** 
Rep (R/Y) 2 12.47 52.82** 
Line (L) 109 283.12** 9.33** 
Growth habit (H) 2 1944.32** 55.67** 
L/H 107 252.08** 8.46** 
Y X L 109 11.38 1.31 
Y X H 2 5.75 5.80** 
Y X L/H 107 11.49 1.23 
Error 218 21.85 1.38 
Within plot^ 14.97 1.29 
Within plot (parental)^ 0,52 0.14 
Y 1 3434.20** 418.78** 
R/Y 2 17.88 19.86** 
L 124 193.46** 6.49** 
H 2 3856.18** 100.12** 
L/H 122 133.41** 4.95** 
Y X L 124 8.54 1.79** 
Y X H 2 61.86** 18.77** 
Y X L/H 122 7.67 1.51** 
Error 248 11.12 0.95 
Within plot 9.14 0.86 
Within plot (parental) 0.65 0.11 
Y 1 6072.36** 335.08** 
R/Y 2 40.12** 41.78** 
L 108 15.44** 0.97** 
Y X L 108 2.33** 0.50 
Error 216 1.50 0.47 
Within plot 1.23 0.37 
Within plot (parental) 0.85 0.22 
^ean squares equal the within-plot variance estimate divided by the 
harmonic mean number of plants per plot in each cross. The harmonic mean 
numbers of plants per plot of each F2-derived line in 1X127, 1X130, and 
IX137A are 4.67, 4.26, and 4.82 plants, respectively. 
*,**F-test significant at the 5% and 1% probability levels, respec­
tively. 
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Mean squares 
R5 R7 FP SFP RP 
719.44** 1946.16** 1675.37** 236.58** 642.04** 
37.81 78.58* 8.36 43.74* 29.86* 
485.03** 311.80** 115.86** 103.29** 85.48** 
11352.95** 2134.30** 4206.74** 3616.59** 155.53 
281.89** 277.74** 38.68** 37.63** 84.17** 
18.41 19.88 10.52 12.34 12.17 
124.75* 44.24 85.44** 152.02** 40.94* 
16.42 19.42 9.12 9.73 11.63 
30.55 25.50 9.19 10.07 9.93 
18.69 13.90 7.91 7.42 7.48 
0.29 0.55 0.47 0.65 0.94 
856.00** 1474.52** 859.10** 54.21 481.70** 
43.36 7.50 50.06** 63.16** 72.38** 
364.04** 252.11** 87.99** 59.08** 42.34** 
11389.46** 4700.78** 2473.16** 1548.11** 131.91** 
183.29** 179.18** 48.89** 34.67** 40.87** 
11.09 18.74 5.37 8.74 6.20 
80.64** 124.17** 23.85* 63.90** 14.66 
13.46 17.01 5.07 7.84 6.06 
16.55 15.85 5.31 6.86 5.14 
16.31 11.80 5.11 5.84 4.03 
0.49 0.58 0.53 0.51 0.57 
3602.12** 933.34** 320.68** 821.72** 2170.28** 
185.10** 19.02 80.03** 157.79** 14.20 
35.96** 116.36** 14.17** 38.28** 90.70** 
2.99 6.42 1.92 3.14 4.23 
2.78 7.01 1.85 4.38 5.96 
2.45 5.23 1.51 2.41 4.32 
0.71 0.42 0.64 0.57 0.51 
Table 30. Phenotypic (line mean basis) and genotypic correlations^ 
among traits in F2-derived lines in three crosses 
R1 NRl R5 R7 
1X127^ 1X130^ 1X127 1X130 1X127 1X130 
R1 0.94** 0.92** 0.88** 0.88** 0.85** 0.90** 
IX137A^ (1.02) (1.05) (0.89) (0.89) (0.87) (0.91) 
NRl 0.56** 0.84** 0.82** 0.82** 0.83** 
(0.84) IX137A (0.92) (0.93) (0.89) (0.94) 
R5 0.78** 0.53** 0.89** 0.91** 
(0.80) (0.77) IX137A (0.90) (0.93) 
R7 0.50** 0.36** 0.89** 
(0.52) (0.54) (0.91) IX137A 
FP 0.19 0.25** 0.76** 0.88** 
(0.27) (0.39) (0.79) (0.94) 
SFP 0.15 0.14 0.62** 0.90** 
(0.16) (0.25) (0.68) (0.92) 
RP 0.17 0.19* 0.71** 0.93** 
(0.20) (0.30) (0.73) (0.94) 
Phenotypic correlations are in upper row; genotypic correlations 
are in lower row in parentheses. 
^1X127 and 1X130 correlations are on upper right side of matrix 
diagonal; IX137A correlations are on lower left side of diagonal. 
*,**Significantly different from zero at the 5% and 1% probability 
levels, respectively. 
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FP SFP KP 
1X127 1X130 1X127 1X130 1X127 1X130 
0.24* 0.32** -0.44** -0.33** -0.21* 0.07 
(0.26) (0.35) (-0.46) (-0.38) (-0.20) (0.07) 
0.26** 0.29** —0.42** -0.33** -0.15 0.03 
(0.29) (0.36) (-0.50) (-0.44) (-0.21) (0.02) 
0.67** 0.72** -0.63** —0.60** 0.08 0.34** 
(0.68) (0.73) (-0.65) (-0.64) (0.09) (0.36) 
0.49** 0.52** -0.22* -0.23** 0.33** 0.48** 
(0-50) (0.56) (-0.27) (-0.32) (0.30) (0.47) 
-0.61** -0.73** 0.50** 0.58** 
IX137A (-0.63) (-0.75) (0.50) (0.63) 
0.82** 0.39** 0.13 
(0.94) 1X137A (0.36) (0.05) 
0.93** 0.97** 
(0.98) (0.99) 
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Table 31. Genotypic variance/covariance matrices for 1X127, 1X130, 
and IX137A 
Cross R1 NRl R5 R7 FP SFP RP 
1X127 R1 67.93 11.95 79.13 61-45 11.19 -18.27 7.02 
NRl 2.00 14.05 10-80 2.10 - 3.38 -1.27 
R5 116.66 83.41 37.53 -33.65 4.01 
R7 72.98 21.96 -10.87 11.15 
FP 26.33 -15-38 11.04 
SFP 22-74 7.28 
RP 18.33 
1X130 R1 46.23 7.70 56.91 47.44 10.68 - 9-17 1.51 
NRl 1.17 9.45 7.75 1.75 - 1.68 0.07 
R5 88.24 66.99 31.33 -21.27 10.06 
R7 58.34 19.55 - 8.67 10.87 
FP 20.65 -12.10 8.55 
SFP 12.58 0.48 
RP 9.03 
IX137A R1 3.28 0.52 4.12 4.91 0.84 0.85 1.69 
NRl 0.12 0-75 0.98 0.23 0.25 0.48 
R5 8.03 13.56 3.91 5.72 9.63 
R7 27.48 8.65 14-31 22.97 
FP 3.06 4.87 7.94 
SFP 8.79 13.67 
RP 21.62 
Table 32. Heritability estimates (variance component method - line mean 
basis) of traits in 1X127, 1X130, and IX137A 
Cross 
R1 NRl R5 R7 FP SFP RP 
1X127 .96 -86 .96 .94 .91 .88 .86 
1X130 .95 .72 .97 .93 .94 .85 .85 
IX137A .85 .49 .89 .94 .86 .92 .95 
Table 33. Analyses of variance (plot mean basis) for 
traits measured in growing degree day units in 
three crosses 
Cross Source df R1 
1X127 Year (Y) 
Rep (R/Y) 
Line (L) 
Growth habit (H) 
L/H 
Y X L 
Y X H 
Y X L/H 
Error 
1 
2 
109 
109 
218 
2 
107 
2 
107 
3739909** 
6302 
176528** 
1298781** 
155551** 
7343 
24789 
7016 
12555 
1X130 Y 
R/Y 
L 
H 
L/H 
Y X L 
Y X 
Y X 
Error 
H 
L/H 
1 
2 
124 
124 
248 
2 
122 
2 
122 
3206243** 
16032 
126356 
2281676** 
91023** 
5324 
3208 
5358 
7540 
IX137A Y 
R/Y 
L 
Y X L 
Error 
1 
2 
108 
108 
216 
5650307** 
26664** 
10655** 
1772** 
. 1146 
*,**F-test significant at the 5% and 1% probability 
levels, respectively. 
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Mean squares 
R5 R7 FP SFP RP 
41041 706074** 2997391** 1154355** 7871990** 
19876 12268** 4085 21213* 9848 
217319** 74556** 50037** 58137** 61429** 
562091** 562091** 1404580** 2327939** 181934 
55443** 55443** 24719** 25898**• 59176** 
9750 3955 7497** 5505 5393 
137194** 30273** 132807** 110890** 985 
7358 3460 5155 4556 5494 
13080 5350 4484 6442 6929 
224720** 555872** 1733309** 1648413** 5752380** 
27451* 207 31677** 26609** 19425** 
173839** 83859** 40795** 35396** 27600** 
5154400** 1505972** 882230** 1100429** 178292** 
92191** 50539** 27001** 19959** 25129** 
5438 4757 3893 4284 3381 
35373* 1565 55610** 43320** 1641 
4931 4809 3029 3644 3410 
7908 4751 3282 4172 3777 
1905151** 527819** 993534** 4438551** 9632015** 
75546** 9559* 28274** 70705** 11569* 
15437** 43438** 6590** 12934** 32885** 
1405 2338 1260 1890 3162 
1276 2848 999 2347 3005 
\ 
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Table 34. Daily maximum and minimum temperatures (°F) during the six-
month period. May to October, at Ames, Iowa, 1980 
May June July Aug Sept Oct 
Date Min Max Min Max Min Max Min Max Min Max Min Max 
1 75 42 77 58 88 64 92 64 81 63 82 49 
2 81 49 77 57 86 56 84 70 78 53 69 43 
3 80 52 77 52 79 55 86 58 87 61 51 35 
4 86 50 78 62 88 61 86 60 86 59 56 32 
5 87 62 91 63 92 67 86 55 84 56 65 30 
6 80 43 89 65 89 67 87 66 85 60 75 39 
7 67 35 80 63 96 76 95 68 92 66 82 45 
8 58 31 71 48 95 69 96 75 93 65 80 52 
9 72 35 81 54 91 70 87 65 90 56 80 47 
10 71 54 81 56 91 70 85 65 75 46 79 49 
11 73 38 81 47 93 73 79 65 78 55 66 44 
12 69 44 85 59 92 72 78 58 87 61 57 26 
13 66 44 89 64 93 68 85 62 81 60 66 35 
14 72 38 87 63 97 74 84 63 71 57 65 47 
15 71 48 80 59 96 71 78 56 74 55 63 38 
16 70 51 69 50 92 67 75 55 73 50 70 48 
17 56 50 70 52 92 61 80 63 65 38 69 41 
18 57 49 72 54 90 67 86 57 75 46 49 32 
19 66 59 69 53 89 67 89 65 86 51 60 28 
20 72 52 72 50 89 75 89 71 86 62 67 41 
21 78 50 80 51 82 64 84 57 85 51 65 37 
22 84 53 81 58 81 58 82 58 81 53 66 36 
23 83 55 80 63 79 54 82 57 68 38 65 43 
24 80 58 84 60 88 54 85 59 70 42 44 33 
25 86 56 87 61 87 62 89 62 68 47 41 30 
26 86 60 93 67 79 65 89 66 68 32 40 28 
27 88 61 95 72 79 53 88 60 78 50 36 30 
28 89 60 94 63 87 55 81 62 77 50 40 23 
29 85 62 85 59 89 61 88 64 74 45 43 22 
30 86 58 82 50 95 67 87 65 83 50 57 26 
31 73 53 - - 88 63 77 62 - - 63 32 
X 75.7 49.8 81.6 57-8 88.7 64.7 85.1 62.4 79.3 52.6 61.6 36.8 
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Table 35. Accumulated growing degree days (GDD) ^ for the 
six-month period. May to October, at Ames, Iowa, 
1980 
Date May June July August September October 
1 12.5 461.5 1043.0 1810.5 2521.5 3018.0 
2 28.0 478.5 1064.0 1837.5 2537.0 3027.5 
3 44.0 493.0 1081.0 1859.5 2540.5 3028.0 
4 62.0 513.0 1104.5 1882.5 2583.0 3031.0 
5 86.0 537.5 1131.0 1903.0 2603.0 3038.5 
6 101.0 563.0 1157.5 1929.0 2626.6 3051.0 
7 109.5 584.5 1188.5 1956.0 2651.5 3067.0 
8 113.5 595.0 1216.0 1986.5 2677.0 3083.0 
9 124.5 612.5 1244.0 2012.0 2698.0 3098.0 
10 137.0 631.0 1272.0 2037.0 2710.5 3112.5 
11 148.5 646.5 1301.5 2059.0 2727.0 3120.5 
12 158.0 668.5 1330.5 2077.0 2751.0 3124.0 
13 • 166.0 693.5 1357.5 2100.5 2771.5 3132.0 
14 177.0 718.0 1387.5 2124.0 2785.5 3139.5 
15 185.5 737.5 1416.0 2141.0 2800.0 3146.0 
16 198.0 747.0 1442.5 2156.0 2811.5 3156.0 
17 201.0 758.0 1466.0 2177.5 2819.0 3165.5 
18 204.5 776.0 1492.5 2199.0 2831.5 3165.5 
19 212.5 787.0 1519.0 2224.5 2850.0 3170.5 
20 224.5 798.0 1549.5 2253.0 2874.0 3179.0 
21 238.5 813.5 1572.5 2273.5 2892.0 3186.5 
22 257.0 833.0 1592.0 2293.5 2909.0 3194.5 
23 276.0 854.5 1608.5 2313.0 2918.0 3202.0 
24 295.0 876.5 1628.5 2335.0 2928.0 3202.0 
25 316.0 900.0 1652.5 2359.0 2936.5 3202.0 
26 339.0 926.5 1674.5 2385.0 2946.0 3202.0 
27 362.5 955.5 1690.5 2408.0 2960.0 3202.0 
28 385.5 980.0 1711.0 2429.5 2973.5 3202.0 
29 409.0 1002.0 1734.5 2454.5 2985.5 3202.0 
30 431.0 1018.0 1761.0 2480.0 3002.0 3205.5 
31 444.0 — 1785.5 2499.5 - 3212.0 
Monthly 
total 444.0 574.0 767.5 714.0 502.5 210.0 
GDD = (daily high temperature + daily low temperature)/ 
2-50, where any temperature above 86°F was considered 85°F 
and any temperature below 50°F was considered 50°F. 
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Table 36. Daily maximum and minimum temperatures (°F) during the six-
period, May to October, at Mes, Iowa, 1981 
May June July Aug Sept Oct 
Date Min Max Min Max Min Max Min Max Min Max Min Max 
1 67 41 85 50 82 58 85 65 80 50 71 44 
2 76 38 81 64 83 61 82 67 72 49 59 39 
3 80 58 79 52 82 66 82 59 78 47 59 37 
4 77 58 85 56 82 61 87 65 76 61 62 47 
5 65 48 73 60 85 65 87 67 78 53 67 53 
6 63 40 93 59 87 64 84 65 79 55 62 44 
7 64 34 90 62 86 64 84 60 78 62 62 34 
8 62 48 77 63 90 70 81 58 75 51 64 34 
9 57 39 76 56 89 63 78 59 82 51 62 44 
10 62 30 85 54 89 61 74 57 88 58 65 47 
11 67 39 85 62 94 72 80 56 87 59 66 36 
12 67 41 87 60 97 73 86 60 81 54 64 49 
13 62 45 92 73 95 73 84 58 87 52 63 56 
14 72 43 88 77 94 70 86 67 88 60 65 59 
15 76 41 86 57 94 69 86 66 76 50 62 44 
16 76 47 76 52 88 68 78 56 67 43 65 41 
17 72 52 82 56 87 67 71 50 62 37 68 50 
18 58 43 81 61 84 64 73 50 70 37 41 40 
19 73 36 79 53 85 67 74 50 83 46 64 26 
20 77 45 80 62 85 61 77 50 83 48 64 45 
21 80 44 75 59 85 62 77 50 75 50 56 37 
22 78 55 81 53 83 62 80 54 67 50 47 25 
23 74 59 88 53 78 60 81 58 72 47 47 19 
24 70 46 87 63 85 62 80 59 70 52 35 21 
25 74 45 81 59 84 66 81 62 75 57 44 24 
26 76 51 82 58 71 58 72 63 74 50 52 21 
27 80 56 82 60 67 55 78 61 67 45 62 28 
28 82 58 92 70 78 52 76 61 69 37 65 36 
29 84 58 91 65 71 50 78 60 89 50 67 42 
30 84 55 82 57 81 62 78 61 88 64 66 47 
31 84 49 - - 84 62 86 69 - - 65 50 
X 72.2 46.2 83.4 59.5 84.7 63.5 80.2 59.5 77.2 50.8 60.4 39.3 
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Table 37. Accumulated growing degree days (GDD)^ for the six-
month period. May to October, at Ames, Iowa, 1981 
Date May June July August September October 
1 8.5 391.5 1020.5 1743.0 2347.5 2790.0 
2 21.0 414.0 1042.5 1757.5 2358.5 2794.5 
3 40.0 429.5 1066.5 1788.0 2372.5 2799.0 
4 57.5 450.0 1088.0 1813.5 2391.0 2805.0 
5 65.0 466.5 1113.0 1840.0 2406.5 2815.0 
5 71.5 489.0 1138.0 1864.5 2423.5 2821.0 
7 78.5 513.0 1163.0 1886.5 2443.5 2827.0 
8 84.5 533.0 1191.0 1906.0 2456.5 2834.0 
9 88.0 549.0 1215.5 1924.5 2473.0 2840.0 
10 94.0 568.5 1239.0 1940.0 2495.0 2847.5 
11 102.5 592.0 1268.0 1958.0 2517.5 2855.5 
12 111.0 615.0 1297.5 1981.0 2535.0 2862.5 
13 117.0 644.5 1327,0 2002.0 2554.0 2872.0 
14 128.0 676.0 1355.0 2028.5 2577.0 2884.0 
15 141.0 697.5 1382.5 2054.5 2590.0 2890.0 
15 154.0 711.5 1409.5 2071.5 2598.5 2897.5 
17 165.0 730.5 1436.0 2082.0 2604.5 2906.5 
18 170.0 751.5 1460.0 2093.5 2514.5 2907.0 
19 181.5 767.5 1486.0 2105.5 2631.0 2914.0 
20 195.0 788.5 1509.0 2119.0 2647.5 2921.0 
21 210.0 805.5 1532.5 2132.5 2660.0 2924.0 
22 225.5 822.5 1555.0 2149.5 2568.5 2924.0 
23 243.0 842.0 1574.0 2159.0 2579.5 2924.0 
24 253.0 865.5 1597.5 2188.5 2690.5 2924.0 
25 265.0 886.5 1622.5 2210.0 2706.5 2924.0 
26 278.5 905.5 1537.0 2227.5 2718.5 2925.0 
27 295.5 927.5 1548.0 2247.0 2727.0 2931.0 
28 316.5 955.5 1563.0 2256.5 2736.5 2938.5 
29 337.5 981.0 1673.5 2285.5 2754.5 2947.0 
30 357.0 1000.0 1595.0 2305.0 2779.5 2955.0 
31 374.0 - 1718.0 2332.5 - 2962.5 
Monthly 
total 374.0 626.5 717.5 614.5 447.0 183.0 
GDD = (daily high temperature + daily low temperature)/ 
2-50, where any temperature above 86°F was considered 85°F 
and any temperature below 50°F was considered 50®F. 
